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Health behaviours are considered modifiable risk factors for health. It is important to 
know such knowledge given the high proportion of immigrants in Australia and the 
role health behaviours plays in maintaining good health and wellbeing. One of the 
most common finding from the existing literature is a decline in the health of 
immigrants the longer they stay in the host countries. Most explanations for the 
observed decline in health of immigrants with increased duration of residence has 
focused on acculturation through the adoption of unhealthy behaviours. While a large 
body of research has examined the association between migration and health, less 
attention has been paid to the key health behaviours of immigrants. Even less is known 
about the role age at arrival plays in the association between nativity, duration of 
residence and health behaviours. Additionally, the pathways and mechanisms by 
which changes in health behaviours occur over time are poorly understood, limiting 
the ability to implement health promotion programmes aimed at improving health for 
all Australians.
This thesis investigates the effects of nativity status (foreign-born (FB) from English 
speaking countries (ESC) and non-English speaking countries (NESC) and native-born 
(NB)), and duration of residence in Australia on three key health behaviour outcomes, 
namely tobacco smoking, physical activity and alcohol consumption. It also 
investigates whether the associations between nativity, duration of residence (DoR) 
and health behaviours are modified by age at arrival (AA). This thesis also explores 
English language proficiency, socioeconomic status (marital status, level of education, 
employment status, and household equivalised income) and social participation/club 




The study utilises twelve rounds of panel data from the Household Income and Labour 
Dynamics in Australia (HILDA) among 12,634 respondents and uses multilevel 
group-mean-centred mixed (hybrid) logistic regression models to answer the research 
questions. Tobacco smoking, engaging in recommended levels of physical activities 
and risky alcohol drinking are the three binary outcome variables considered. Duration 
of residence of immigrants was categorized as <10 years, 10- 20 years. 
Age at arrival was categorized as <18 years, 18- 35 years.
Results
After adjusting for age, sex, wave number, and number of times a person responded, 
relative to NB respondents, there was no difference in the odds of smoking for ESC 
immigrants (OR= 0.83; CI= 0.57 to 1.21), while NESC immigrants (OR= 0.45; CI= 
0.30 to 0.67) had lower odds of smoking. There was no evidence that these differences 
changed by DoR among ESC immigrants, whereas NESC immigrants smoking 
prevalence converged towards the NB after twenty years of DoR in Australia (OR= 
1.59; CI= 0.98 to 2.60).
With respect to physical activity, immigrants from ESC (OR= 1.20; CI= 1.05 to 1.37) 
had higher odds of physical activity, while immigrants from NESC (OR= 0.70; CI= 
0.62 to 0.79) had significantly lower odds of physical activity than NB Australians, 
after controlling for age, sex, wave number and number of times a person responded. 
ESC immigrants had higher odds of physical activity than NB people when their DoR 
was 20 years or more (OR= 1.19; CI= 1.01 to 1.41), whereas there was no evidence 
that these differences changed by DoR amongst immigrants from NESC.
In terms of risky drinking, after adjusting for age, sex, wave number, and number of 
times a person responded, immigrants from ESC (OR= 1.03; CI= 0.83 to 1.29) were 
xi
not significantly different from NB respondents (irrespective of their duration of 
residence), while immigrants from NESC (OR= 0.13; CI= 0.11 to 0.17) had lower odds 
of risky drinking as compared to NB respondents; an advantage which they maintained 
throughout their stay in Australia.
The associations between DoR and smoking and DoR and physical activity were 
modified by AA. Long-term (20+ years of DoR) immigrants (combined ESC and 
NESC) who were under 18 years of AA, were more likely to smoke than NB 
Australians. On the other hand, short-term (less than 20 years of DoR) immigrants 
(combined ESC and NESC) who arrived as children or adolescents (less than 18 years 
of AA) were significantly less likely to be physically active than NB Australians.
However, there was no evidence that AA affected the association between either 
nativity and risky drinking or duration of residence and risky drinking behaviour after 
controlling for age, sex, wave number, and number of times a person responded.
There was no convincing evidence of mediation by English language proficiency, 
socioeconomic status and social participation/club membership for the associations 
between nativity/DoR and tobacco smoking behaviour. However, English language 
proficiency was an important mediator for the relationships between nativity (CoB) 
and physical activity and between duration of residence and physical activity among 
immigrants from NESC. Socioeconomic status was found to be a potential mediator 
for the association between DoR and risky alcohol drinking among short-term (DoR <
10 years) immigrants from ESC and long- 20 years) NESC immigrants.
Conclusions/implications
This thesis makes a significant contribution to the migration literature. It used a large, 
nationally representative longitudinal data containing a variety of health behaviour 
measures to examine the nativity/DoR and health behaviour associations. The results 
xii
demonstrate that the effect of duration of residence in Australia does not appear to be 
universal across all health behaviour measures and immigrant groups. Rather, it varies 
according to the measure of health behaviours and immigrant group under 
consideration. Additionally, this study demonstrates the role of age at arrival in 
modifying the associations between duration of residence and smoking, and duration 
of residence and physical activity of immigrants. English language proficiency was 
found to be a potential mediator for NESC immigrants’ physical activities and 
socioeconomic status was found as a mediator for risky alcohol drinking among 
immigrants from ESC and NESC.
Given the unprecedented increase in global migration, these results are important to 
establish preventive care interventions such as advice on smoking cessation, and 
fostering leisure-time physical activities for all Australians including immigrant 
groups. Effective smoking cessation strategies need to be specifically tailored for 
immigrants from non-English speaking countries (NESC) and all immigrants who 
arrive at younger age (children and adolescents) and stay longer in Australia. 
Appropriate health promotion interventions should be implemented to foster physical 
activities among NESC immigrants and short-term (less DoR) immigrants (combined 
ESC and NESC) who had arrived as children or adolescents in Australia. Considering 
the high level of ethnic diversity in Australia, English language proficiency should 
also be considered while designing physical activity promotion interventions. 
Understanding the socioeconomic patterns of risky alcohol consumption of 
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1.1.1 Global patterns in migration
Migration of people moving from one place to another is a cultural phenomenon that 
has occurred throughout human history (Massey et al. 1993). In modern times, the 
major reasons for migration are environmental change, political conflict, war and 
violence, better economic and educational opportunities, family reunification, and to 
experience new cultures and societies (International Organization for Migration 
2013a; Zimmerman, Kiss & Hossain 2011). With a rapid increase in numbers of people 
moving across countries, migration has become an important determinant for global 
health and social development (Carballo, Divino & Zeric 1998). The term international 
immigrant is defined by the United Nations (UN) as a person who stays outside their 
usual country of residence for a period of at least one year (International Organization 
for Migration 2003). Immigrants could be long-term or short-term migrants, and can 
be further categorised as regular migrants, internally displaced people, refugees, 
asylum seekers, undocumented or irregular migrants, and victims of human trafficking 
(Urquia & Gagnon 2011).
The United Nations estimates that globally there are about 232 million immigrants, 
which represents about 3.2% of the world’s population. During the years 1990 to 2013, 
the world gained 77 million international migrants (United Nations 2013).
Approximately two thirds of all international migrants live in Europe (72 million) or 
Asia (71 million). Northern America hosts the third largest number of international 
migrants (53 million), followed by Africa (19 million), Latin America and the 
Caribbean (9 million) and Oceania (8 million) (United Nations 2013). There is a higher 
concentration of international migrants in the developed countries. The United States 
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with 46 million immigrants tops the list of countries, followed by the Russian 
Federation (11 million), Germany (10 million), Saudi Arabia (9 million), and the 
United Arab Emirates and the United Kingdom (8 million each). Currently, the major 
source countries for global immigrants are India, China, Bangladesh, Mexico, 
Philippines, Indonesia, and Pakistan (United Nations 2013). It has been estimated that 
migrants have a higher overall labour force participation rate than the native-born 
people in the major destination countries (66% versus 62%) (International 
Organization for Migration 2013b). Immigrants are not only important for the 
development of host country economies (Sanderson 2013), but they also contribute to 
the economic conditions and livelihood of their family members of their countries of 
origin through sending remittances, estimated to be approximately $440 billion (USD) 
annually (The World Bank 2011).
1.1.2 Immigration patterns and policy in Australia
Migrant population in Australia has been growing in size through the entrance of 
diverse migrant communities, varying not only by their ethnic, religious and language 
backgrounds, but also by the duration of migration, age at arrival and their immigration 
status. In 2011, Australia's total population was over 22 million, with overseas 
migration being the main component of population growth (Australian Bureau of 
Statistics 2014a). The 2011 census suggests that there were 5.3 million migrants in 
Australia and 20% of Australians-born people (4.1 million people) had at least one 
overseas-born parent (second generation Australians) (Australian Bureau of Statistics 
2012b). According to the Australian Bureau of Statistics (ABS), an estimated 28.1% 
of Australian residents are born overseas and the net overseas migration is the main 
contribution to population growth in Australia (Australian Bureau of Statistics 2015).
Migrants are drawn from more than 200 countries representing all regions of the world. 
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People from United Kingdom are the largest group of overseas-born residents, 
accounting for 5.2% of Australia's total population. This is followed by migrants born 
in New Zealand (2.6%), China (1.9%), India (1.7%) and the Philippines and Vietnam 
(1.0% each) (Australian Bureau of Statistics 2015).
Australia has one of the highest proportions of immigrant population in the world 
compared with other major immigrant receiving English-speaking countries: 23% in 
New Zealand, 21% in Canada, 13% in the United States of America (USA) and 13% 
in the United Kingdom (UK) (Australian Bureau of Statistics 2014b). Out of the 
Organisation for Economic Co-operation and Development (OECD) countries, only 
Luxemburg (42%), Israel (31%) and Switzerland (28%) have a larger proportion of 
migrant populations than Australia (Australian Bureau of Statistics 2014b). Unlike 
many OECD countries which have introduced skilled migration programs only in the 
last decade, Australia has benefited from talented immigrants through explicitly large-
scale skill-selective settlement migration polices and programs for more than three 
decades (Khoo, Hugo & McDonald 2008). Immigrants in Australia have made 
significant contributions to the Australian economy and social welfare. Migrants have 
helped to meet Australian labour shortages and provided a younger workforce to offset 
the ageing population. Moreover, migrant communities have enriched cultural 
diversity and have strengthened the multilingual workforce, which has given Australia 
a distinct competitive advantage in the global economy (Maio et al. 2014).
Immigration policy in Australia has undergone a number of major changes over time. 
Historically, Australia’s major source countries of immigrants has been in Europe. 
However, the largest source in the recent years has been countries in Asia. Before 
World War II, almost the entire non-Indigenous Australian population was either 
British-born or from British colonies (Anikeeva et al. 2014; Krupinski 1984). 
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Following World War II, Australia accepted large numbers of migrants from European 
countries such as Italy, Germany, the Netherlands and Greece (Australian Bureau of 
Statistics 2014b; Krupinski 1984). Most of the migrants during this period were 
unskilled and semiskilled and large numbers of European refugees also entered 
Australia (Khoo, Hugo & McDonald 2008). Patterns of migration to Australia radically 
changed since the abandonment of the “white Australian policy” during the 1970s.
Since then, immigrants from Asian countries and those who have non-English 
speaking background are the fastest growing migrant groups in Australia (Hugo 2014; 
Krupinski 1984). Asian-born migrants constitute approximately 6% of the total 
population in Australia (Australian Bureau of Statistics 2001a). They are ethnically 
and culturally diverse among themselves and have significantly contributed to the 
overall cultural diversity in Australia (Hugo 2003).
The current Australian migration program is highly planned with the government 
setting a target each year, with restrictions based on skills and humanitarian needs 
(Khoo, Hugo & McDonald 2008). Australia’s immigration policies have evolved over 
the last decades to focus on attracting skilled migrants in order to meet the skilled 
labour needs of the economy and also to ensure that migrants are employed in 
industries that have the highest demand (Birrell, Hawthorne & Richardson 2006). The 
introduction of a skilled occupation list, tightening of the English language 
requirement and more stringent rules concerning the recognition of overseas 
qualifications in order to meet eligibility requirements for general skilled migration 
are some of the examples of policy level measures of Australian government to 
encourage better labour market performance of migrants (Birrell, Hawthorne & 
Richardson 2006; Spinks 2010). Due to the higher pressures on housing, transport and 
services in the major metropolitan areas, Regional Sponsored Migration Scheme 
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(RSMS) and State Specific Regional Migration (SSRM) schemes are designed to 
attract skilled migrants to regional areas of Australia. Both these immigration 
programs aim to encourage skilled migrants to reside and remain in regional areas by 
offering them incentives such as reduced eligibility points for obtaining visas (Taylor,
Bell & Gerritsen 2014). The non-humanitarian migration programme (skilled, student 
and family visa streams) is based on a point assessment system which includes age, 
education, occupations in demand, work skills and experience, English language 
ability, and having family support in Australia are key selection criteria (Khoo, Hugo 
& McDonald 2008). On the other hand, the humanitarian program is designed for 
resettlement in Australia of refugees and people who are granted humanitarian visas 
and also to ensure that the support services are available to meet their specific needs 
(Department of Immigration and Border Protection 2015).
1.2 Statement of problem and research context
Migration is known to be an important determinant of global health and social 
development. The extant research evidence suggests that immigrants are often in better 
health upon their arrival in the destination country on most indicators of health 
including mortality, morbidity, disability, physical health, mental health, and self-
assessed health as compared to native-born (NB) counterparts, despite their lower 
socioeconomic status (SES) (Fennelly 2007; Halliday & Kimmitt 2008; McDonald & 
Kennedy 2004; Rubalcava et al. 2008; Singh & Hiatt 2006). Over time, however, the 
benefit of positive health disappears, resulting in the migrants and future generations 
experiencing a lower health status than that of new immigrants. The explanations often 
offered for the initial advantaged health status of immigrants focus on the “healthy 
immigrant effect (HIE)”, which assumes only those with good health are selected for 
migration (Abraído-Lanza et al. 1999; Anikeeva et al. 2010; Chiswick, Lee & Miller 
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2008; Franzini, Ribble & Keddie 2001; Lu & Qin 2014). Selection of healthy people 
from the source country could be due to direct selection via the requirement that 
potential migrants undergo medical screening, or from indirect selection given that 
immigration policies favour tertiary education, occupational skills, and wealth (Akresh 
& Frank 2008; Antecol & Bedard 2006; McDonald & Kennedy 2004).
Some of the explanations for the observed decline in health of immigrants with 
increased duration of residence in the host country include uptake of unhealthy 
behaviours (e.g., smoking, risky alcohol consumption) due to acculturation (Frisbie, 
Cho & Hummer 2001), under-utilisation of health services, access barriers to health 
services (McDonald & Kennedy 2004), stress associated with migration (Beiser 2005; 
Thomas 1995). Acculturation, the process of adopting attitudes, values, customs, 
beliefs and behaviours of another culture, is one of the important mechanisms which 
can impact upon the health of the immigrants over time, through change in health 
behaviours (Abraido-Lanza, Chao & Florez 2005; Lara et al. 2005). However, 
acculturation can have either a positive or negative effect on health behaviours, 
depending on the type of acculturation.
While a large body of research has sought to explain the health advantage of 
immigrants and a decline in that health advantage, as they stay longer in the host 
country, less is known about the differences in health behaviour among immigrants 
and non-immigrants. The health behaviours of immigrants are known to be influenced 
by the environment and culture of the destination countries (Landrine & Klonoff 
2004). The available limited literature shows that immigrants in developed countries 
initially have a lower prevalence of tobacco smoking (Abraido-Lanza, Chao & Florez 
2005; Acevedo-Garcia et al. 2005; Newbold & Neligan 2012) and alcohol 
consumption (Chiu et al. 2012; De La Rosa et al. 2013; Strunin et al. 2007), but have 
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a higher prevalence of physical inactivity (Dassanayake et al. 2011; Kagotho 2011; 
McDonald 2005) than their native-born counterparts.
These health behaviours are known to change over time as immigrants stay longer in 
the host countries. For example, Abraido-Lanza, Chao and Florez (2005) suggest that 
Latinos with longer duration of residence (one of the measure of acculturation) in the 
United States were significantly more likely to engage in tobacco smoking and binge 
drinking. However, foreign-born Africans in the US (King et al. 1999) and immigrant 
women in Canada (McDonald 2005), had lower rates of smoking than those of native-
born even after a lengthy duration of residence. Similarly, the initial lower alcohol 
consumption rates of certain groups of immigrants do not converge towards the native-
born populations over time (Markides et al. 1990; Szaflarski, Cubbins & Ying 2011).
Thus, adoption of health behaviours during the assimilation process in the host 
societies either contributes to improving (Kagotho 2011; Newbold & Danforth 2003)
or worsening (Chiu et al. 2012; Dunn & Dyck 2000) the overall health status of 
immigrants. These contrasting findings from earlier studies may be explained by 
differences in study design, sample size, immigrant groups and variations in the 
measurements of health behaviours. Additionally, acculturation theory which has been 
used to explain a decline in health behaviours advantage of immigration provides an 
overly simplistic interpretation of the complex issues involved (Salant & Lauderdale 
2003). Moreover, despite a reasonable amount of literature examining the associations 
between acculturation and health behaviours (Abraido-Lanza, Chao & Florez 2005; 
Bethel & Schenker 2005; Gerber, Barker & Pühse 2012; Markides et al. 1990; Song 
et al. 2004), very little research has focused on another key dimension of the migratory 
process: age at arrival in the host country. Some earlier research has also shown that 
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age at arrival in the host country is an important determinant of health behaviours 
(Kimbro 2009; Wilkinson et al. 2005).
One of the main limitations of the existing literature on immigrants’ health behaviours 
is the use of either cross-sectional or repeated/pooled cross-sectional data which 
provide only snapshot(s) in time of differences in the outcome between migrants and 
non-migrants. However, processes such as migration are dynamic and require several 
years to have their full impact or change on health and health behaviour. The effect of 
migration on health behaviour will therefore be more difficult to determine from purely 
cross-sectional data. Conclusions drawn from these research designs are known to be 
potentially confounded by cohort effects (Beiser 2005; Wallace & Kulu 2013). There 
are also some studies that have used a qualitative research approach to studying 
migrants’ health behaviour. In contrast to quantitative research designs, qualitative 
research methods are especially effective in obtaining in-depth information about the 
values, experiences, opinions, and social contexts of individuals. Observations and 
focus group discussions are the most common qualitative methods (Black 1994; 
Clancy 2002). The major disadvantage of qualitative research is that their findings 
cannot be generalised to wider populations with the same degree of certainty that 
quantitative analyses can (Bowling 2002). Longitudinal studies are beneficial over 
cross-sectional studies because they are conducted among the same individuals over a 
year or several years, whereas cross-sectional studies are performed only at one point 
of time (Bowling 2002; Diggle et al. 2002). Longitudinal studies are also known as 
panel or cohort studies in which similar measurements are made on the same sample 
of individuals at different points in time (waves) (Hsiao 2003). While cross-sectional 
data only allow researchers to investigate differences between individuals, a 
longitudinal study can examine both between and within individuals changes over time 
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(Allison 2005; Gunasekara et al. 2011). Moreover, many factors that influence health 
behaviour may change over time in individuals, particularly among immigrants, and 
not taking these individual-level changes over time into account can produce biased 
estimates. Additionally, the various pathways and mechanisms (i.e., English language 
proficiency, socioeconomic status, social support, discrimination and acculturative 
stress) by which changes in health behaviour occur over time are poorly understood, 
limiting the effectiveness of health promotion programmes.
Given available data and resources, teasing out the contribution of health behaviour in
changing the health of the immigrants is indeed a difficult undertaking. It involves 
addressing several key issues, including how immigrants’ key health behaviour differs 
from the health behaviours of the native-born, and how the health behaviour of 
migrants evolves over time after their arrival in the host country. In what ways and 
how quickly, for example, does the health behaviour of migrant populations change 
through exposure to social, cultural, economic and physical environment within the 
host country? Which covariates are associated with change in health behaviour in 
general and immigrants’ health behaviour in particular? In short, the pathways and 
mechanisms by which transition of health behaviour over time occur are poorly 
understood, limiting the ability to implement policies that will result into improved 
health for all, including immigrants. Furthermore, how age at arrival interacts with the 
nativity, duration of residence and health behaviour associations has received very 
little attention. Australia uses a 'points system' to determine the eligibility of applicants 
to immigrate, and age is one of the key factor for which points are awarded. Therefore, 
an improved understanding of immigrants’ age at arrival and its relationship with 
health behaviours, nativity, and duration of residence are very timely.
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In order to address these issues, detailed longitudinal information on both migration 
and health behaviour is required. Such data are not readily available for immigrants 
and the host country in most cases. Therefore, this research capitalises on existing 
research investment by using multiple rounds of panel data from the Household 
Income and Labour Dynamics in Australia (HILDA) to undertake a study of the 
“dynamics” rather than “statics” of health behaviours of all Australians, including 
immigrants, so that the conceptualised linkages between migration and health 
behaviour can be better understood.
1.3 Aims and research questions of this thesis
The overall aim of this thesis is to investigate the immigrant trajectories in key health 
behaviours (i.e., tobacco smoking, physical activity and alcohol consumption) relative 
to native-born Australians. This thesis addresses the following research questions that 
will fill the gaps in the current literature on immigrants’ health behaviours or health 
risk factors in the Australian context:
1. Whether differences exist in the key health behaviours (i.e., tobacco smoking, 
physical activity and alcohol consumption) between foreign-born (FB) people 
from English speaking countries (ESC) and non-English speaking countries 
(NESC) and the native-born (NB) Australians?;
2. if existent, whether the differences in health behaviour of FB groups change
as duration of residence (DoR) increases, relative to NB people?;
3. if the association between nativity, duration of residence and health 
behaviours is modified by age at arrival (AA)?; and
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4. is the association between nativity, duration of residence and health behaviour 
mediated by English language proficiency (ELP), socioeconomic status (SES)
(employment status, level of education, marital status, and household 
equivalised income) and social support (social participation and social club 
membership)?
1.4 Rationale and significance of this research
Considering that the rapid increase in global migration and immigrants is an integral 
part of the global economy, there is a need to better understand how modifiable health-
risk behaviours differ between immigrants and non-immigrants and how these change 
with duration of residence and how age at arrival moderates the nativity/DoR and 
health behaviour relationships over time. Without this direct comparison among 
immigrant vis-à-vis non-immigrant, the trajectories in health behaviour cannot be 
attributed to immigrant status. Such knowledge is important because of the increasing 
influence immigrants have on the overall health profile of a country and also for the 
development of comprehensive and culturally appropriate health promotion and 
disease prevention interventions (de Nooijer, Lechner & de Vries 2002). Migrant 
population are playing a major role in filling the Australian demand for labour. 
Immigrants are vital in the context of growing ageing populations and skills shortage 
in Australia. Moreover, immigrants are also known to make a significant positive 
contribution to per capita Australian gross domestic product (GDP) (Productivity 
Commission 2006).
This research has potential significance not only from a social policy point of view but 
also for theoretical and methodological advancement in the area of migration and 
health behaviour research. First, this research aims to provide a strong, valid evidence 
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base for developing effective migration, health and economic policies in Australia. 
This research also adds significantly to our understanding of mediating factors 
(English language proficiency, socioeconomic status and social participation/club 
membership) which predicts health behaviour of foreign-born (FB) and native-born 
(NB) Australians and what factors determines the observed changes in immigrants’ 
health behaviours over time. 
Second, this research contributes to methodological advancement in the analysis of 
longitudinal data, also of international significance. The benefits of using panel survey 
data include the ability to model effects over time and to control for unobserved 
heterogeneity and other sources of endogeneity such as: selection bias, measurement 
errors and missingness (Diggle et al. 2002; Wooldridge 2010). This thesis reduces 
potential bias from loss to follow-up by using an unbalanced panel data of large sample 
size. To my knowledge, this is one of only a few studies in Australia to investigate the 
associations between nativity, duration of residence and key health behaviours, based 
on twelve years of follow-up data among migrants and non-migrants. Moreover, 
multilevel regression models used in this thesis provides better estimates than the 
conventional mixed effects models (Allison 2005). Third, this study contributes to 
theoretical advancements in migrant health behaviour research. Using longitudinal 
data and multilevel analytical techniques improves understanding of the trajectories in 
health behaviours of immigrants’ that previously could either not be addressed, or 
addressed only in a limited way. 
To summarise, this research will provide the Australian government, researchers and 
other agencies, with evidence about the dynamics of health behaviour over time among 
both foreign-born and native-born populations in Australia. The methodological 
component of this thesis will be of benefit to other areas of research that use 
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longitudinal data. The ultimate goal of this research is to enhance the overall health 
and well-being of all Australians including immigrants.
1.5 Conceptual framework
Figure 1 presents a conceptual framework for the proposed causal relationships 
between nativity/duration of residence and health behaviours (tobacco smoking, 
physical activity and alcohol consumption). This conceptual framework is based on 
the current literature by incorporating key measures of acculturation (duration of 
residence and age at arrival) and exploring the roles of English language proficiency 
(ELP), socioeconomic status (SES) and social support as mediators between 
nativity/DoR and health behaviour relationships. This conceptual framework provides 
a foundation upon which to base regression models and allows a systematic approach 
to identify the set of variables that needs to be controlled for.
Figure 1 shows five major causal pathways for the exposure-outcome relationships. 
The first pathway is the direct effect of nativity/DoR on health behaviours, denoted by 
the path ‘D’. The other four pathways are indirect and pass through English language 
proficiency (ELP), socioeconomic status (SES) and social support as described below. 
As shown in Figure 1, the first set of nativity/DoR pathways is through English 
language proficiency (ELP), i.e., a+b, a+g+d, and a+g+h+f. The second set of 
pathways is via SES factors (level of education, employment status, marital status, and 
household equivalised income), i.e., c+d and c+h+f. The third causal pathways, i.e., 
e+f, is mediated by social support (social participation and social club membership). 
Finally, there is also the possibility of causal pathway via unmeasured mediators (e.g., 
racial discrimination, acculturative stress), indicated as i+j, that could influence the 
associations between nativity/DoR and health behaviours. Moreover, the diagram in 
Figure 1 also details two other possible pathways which are marked as dotted arrows. 
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However, these dotted marked pathways shown in Figure 1 were not explored in 
regression models. 
This conceptual framework makes explicit an assumption that there is no confounding 
of the associations between nativity/DoR and health behaviours, which is described in 
research methodology chapter (Chapter 3) of this thesis. The reasons why these 
mediating variables are important in this study are included below in the following 
paragraphs.
English language proficiency (ELP) is crucial for immigrants during the settlement 
process in the host country and can be one of the key determinants of lifestyle-related 
health behaviours. As shown in Figure 1, English language proficiency not only 
directly influence health behaviours, but can operate through several indirect 
pathways. For example, immigrants who speak English well can quickly adapt to the 
host country’s culture and may encounter peer influences to either initiate or quit 
smoking. On the other hand, immigrants with limited ELP, particularly those from a 
non-English speaking background, may not properly understand the importance of 
recreational physical activity due to their lack of communication skills. Numerous 
studies have shown the association between English language proficiency (ELP) and 
health behaviours (Crespo et al. 2001; Guven & Islam 2015; Salinas et al. 2014; Unger 
et al. 2000). For instance, having higher levels of ELP is significantly associated with 
engagement with leisure-time physical activities among immigrants (Caperchione, 
Kolt & Mummery 2013; Evenson, Sarmiento & Ayala 2004; Salinas et al. 2014).
Conversely, lower ELP can affect the relationship between nativity/DoR and health 
behaviours through SES factors (i.e., employment status, income). For example, lower 
ELP may be a barrier to employment, which can lead to a poor financial situation and 
engagement in risky health behaviours such as smoking and alcohol drinking (a+g+d
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pathways shown in Figure 1). It is also plausible that long-term immigrants can 
improve their ELP over time which can lead to improved SES and, ultimately, better 
health behaviours.
With regards to the SES pathway (c+d), these factors have been frequently noted as 
fundamental determinants of immigrants health behaviours (Acevedo-Garcia et al. 
2005; Amundsen 2012; Arfken et al. 2013; Bhattacharya Becerra et al. 2014; 
Constantine et al. 2010; Fitzgerald 2010; Sardadvar 2014; Taylor et al. 2008). In 
particular, factors such as low educational status, unemployment status and low 
income are all associated with smoking (Acevedo-Garcia et al. 2005; Moeschberger et 
al. 1997; Pérez-Stable et al. 2001) and risky alcohol consumption behaviours 
(Amundsen 2012). However, the pathways for association between SES and health 
behaviours may have both positive and negative impacts, depending upon individual 
circumstances. For instance, compared to the lower SES groups and marginalised 
populations (e.g., ethnic minorities), people who have higher SES and are non-
marginalised are more likely to initiate smoking in their early life, but they are also 
known to quit smoking earlier than the lower SES group (Blakely et al. 2006; Lopez, 
Collishaw & Piha 1994). Similarly, despite having higher education status, which can 
improve understanding of the importance of physical activities, the cost associated 
with access to recreational facilities may be the potential reason for migrants not to 
engage in recreational physical activities (Caperchione, Kolt & Mummery 2013; 
Evenson et al. 2002). However, these differences in health behaviours across SES 
groups may change as duration of residence in the host countries increases. Long-term 
immigrants may have improved employment status and earnings which could lead 
them to purchase more cigarettes and alcohol and also enable them to visit recreational 
facilities. Alternatively, SES can influence the relationship between nativity/DoR and 
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health behaviours through social support pathways (c+h+f pathway shown in Figure 
1). Responsiveness towards social structure and relationships is known to vary 
systematically across SES (e.g., occupation, marital status) categories (Turner & 
Marino 1994). Though the association between SES and social support has only been 
explored in limited ways, there is evidence that higher income and education are 
associated with more voluntary associations, larger networks, and more contact with 
network members (Eckenrode 1983; Turner & Marino 1994). Therefore, as the SES 
factors are generally known to be associated with all aspects of life and have direct 
(c+d) as well as indirect (c+h+f) pathways, they are included in the analysis as a 
potential mediating variable on the pathways between nativity/DoR and health 
behaviour relationship.
Nativity/DoR and health behaviour relationships can be mediated through social 
support pathways (e+f pathways in Figure 1). Social support has been identified as a 
multifactorial construct that may have different consequence at an individual level 
(Turner & Marino 1994). Once immigrants are separated from a familiar social 
environment and connectedness in their home countries, limited social networks 
during the acculturation process could potentially result in unhealthy behaviours (e.g., 
smoking) (Allen et al. 2014). Research also suggests that the extensive social support 
networks of immigrants have a significant impact on smoking (Prado et al. 2009),
engaging in adequate physical activity (Castro et al. 1999; Hosper et al. 2008; Marquez 
& McAuley 2006; Perez et al. 2011) and risky alcohol drinking behaviours (Acosta et 
al. 2015; Amundsen 2012; Perreira & Cortes 2006). Moreover, the level of social 
interactions could change over time during the assimilation process which may lead to 
change in the health behaviours of immigrants.
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Other indirect mechanisms across these mediating variables are also possible. The 
dotted arrow shown in Figure 1 indicates mediation from social support to SES factors, 
suggesting that the relationship between nativity/DoR and health behaviours may act 
through social support first then, consequently, influence the SES status of immigrants. 
Prior research has found that having more social support and family/friends networks 
is positively associated with SES (e.g., workforce participation and earnings) of 
immigrants (Aguilera & Massey 2003; Correa-Velez, Barnett & Gifford 2013; De 
Vroome & Van Tubergen 2010; Massey 1986; Potocky & McDonald 1995). On the 
other hand, higher education status and employment status can improve the English 
language of immigrants over time, which may increase engagement in leisure-time 
physical activities or lead to reduced smoking and drinking. Figure 1 represents this 
possible mechanism as a dotted arrow indicating mediation from SES to ELP. 
However, these two mechanisms, while plausible, were not explored in this thesis.
Other causal pathways via unmeasured mediators that could influence the associations 
between nativity/DoR and health behaviours are also possible (e.g., racial 
discrimination, acculturative stress), indicated as i+j in Figure 1. These hypothesised 
unmeasured mediating pathways are supported by earlier studies showing racial/ethnic 
discrimination to be associated with higher rates of smoking (Lorenzo-Blanco et al.
2013; Nguyen et al. 2012; Paradies 2006) and risky alcohol drinking (Acosta et al. 
2015; Chae et al. 2008) and lower participation in physical activities (Daniel et al. 
2013a; Sims et al. 2016). Similarly, acculturative stress could be another mechanism 
through which adoption of health behaviours over time may occur among diverse 
groups of migrants (De La Rosa 2002; Gorman, Lariscy & Kaushik 2014; Lorenzo-
Blanco & Unger 2015). Although evidence is limited at present, other potential 
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pathways may impact on the health behaviours of immigrants as they stay longer in 
their host countries.
Moreover, the possibility of reverse causation from health behaviours to SES and 
social support status cannot be ignored. For example, individuals who have unhealthy 
health behaviours (smokers and risky drinkers), which may reduce income, make 
unemployment more likely, and in turn reduce social connectedness. These plausible 
reverse causation possibilities were not examined within this thesis, because the 
regression models utilised required the assumption of no reverse causality between the 
outcome variable and the explanatory variables in the model (Gunasekara et al. 2014; 
Wooldridge 2010).
Age at arrival (AA) can act as a moderator in the relation between nativity/DoR and 
health behaviours, and this notion is represented through a vertical single headed arrow 
from the AA variable to the direct line (path ‘D’) passing from nativity/DoR to health 
behaviours in Figure 1. This moderating mechanism of AA is supported by earlier 
research evidence suggesting that immigrants who arrive at young age in the host 
countries have higher rates of smoking and alcohol consumption behaviours than the 
immigrants who arrive at older age (Agic et al. 2015; Kimbro 2009; Li & Wen 2015; 
Wilkinson et al. 2005). Particularly, Li and Wen (2015) have found age at arrival as a 
moderator for the associations between duration of residence and smoking or risky 
alcohol drinking behaviours of immigrants.
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Figure 1: Conceptual framework of the pathways for the association between nativity/ 
duration of residence and health behaviours.
Exposures Mediators                                            Outcome
i j
                                     a                 g b
c d




Notes: (i) Single headed arrow indicates causal association, and shows the direction of causation. (ii) Socioeconomic status 
(SES) includes respondents’ level of education, employment status, marital status, and household equivalised income. (iii)
Social support includes social participation and social club membership status of the respondent. (iv) the dotted arrows are 
some other possible indirect pathways but those pathways were not explored in this study. (v) the variables in oval are 
unmeasured mediators, including racial discrimination and acculturative stress. 
1.6 Structure of this thesis
This thesis is structured into eight chapters, including the introduction chapter. Chapter 
two presents a review of the current literature on immigrant health behaviours. Chapter 
three explains the HILDA survey dataset, describes the study population, variables and 
the statistical regression analysis used in this thesis. The descriptive results of the study 
sample at wave one with cross-tabular analyses are presented in chapter four. Chapters 
five, six and seven subsequently present regression results for smoking, physical 
activity and alcohol consumption behaviours. Discussion and interpretation of the 
findings and comparison of results with earlier studies are also include in chapters five, 
six and seven. The last chapter summarises this research, its strengths and limitations 

















Age at arrival (AA)
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CHAPTER 2: LITERATURE REVIEW
2.1 Introduction
This chapter provides the overview of the current literature on immigrants’ key health 
behaviours considered for this thesis. It is divided into five sections. The first section 
covers the methodology used for reviewing the current literature, including the 
database search strategies used to locate relevant literature. The second section reviews 
literature on tobacco smoking behaviour of immigrants. The third section includes a 
review of immigrants’ level of physical activity. The fourth section reviews the 
literatures focused on immigrants’ alcohol consumption. Finally, this chapter 
concludes with remarks based on the previous empirical research findings on 
immigrants’ health behaviours. The objective of this chapter is to identify the 
knowledge gaps in immigrants’ key health behaviours (tobacco smoking, physical 
activity and alcohol consumption) which inform the main research questions of this 
thesis.  
2.2 Literature search strategy and methods
The literature search was performed based on the comprehensive search on the 
following electronic EBSCOhost databases: MEDLINE, CINAHL, Academic Search 
Complete, PsycINFO, Global Health, SocINDEX, and ProQuest (for 
dissertations/theses). Scopus, Embase and Web of Knowledge databases were also 
explored by using the key search domains related to the research questions. 
Additionally, Google/Google Scholar were used to find relevant studies available in 
full text. Manual hand-searching of reference lists from studies identified as relevance 
was conducted to locate further articles/dissertations/reports of interest. 
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To ensure maximum sensitivity and specificity, controlled terminologies such as 
subject headings, keywords, treasure terms and text-words were searched using a 
systematic process when retrieving the articles. For example, while searching the 
MEDLINE database, the Medical Subject Headings (MeSH) were used to find the 
relevant literature on immigrant health behaviours. All search terms were ‘truncated’ 
and ‘exploded’ to ensure all associated terms are included in the database search. Key 
domains used for the database search were; immigrants, migrants, foreign-born, 
nativity, health behaviour, lifestyle, smoking, cigarette smoking, tobacco smoking, 
physical activity, exercise, alcohol consumption, alcohol use, binge drinking, 
longitudinal study, cohort study, and follow-up study.
Appendix I provides the full description of the search terms and search strategy used 
for MEDLINE database which was adapted and modified where necessary for other 
databases. EndNote software was used to store the relevant articles obtained from the 
database search and to create a list of bibliographical references. Duplicate articles 
were removed. Database searches were performed alongside frequent consultations 
with a qualified medical research librarian at Deakin University.
A systematic review manuscript is under preparation based on the approach and 
literature used in this chapter. A systematic review protocol has already been published 
in a peer-reviewed journal with the literature search methodology used in this chapter 
based on this publication (Joshi et al. 2014).
22
2.3 Review of literature on immigrants’ tobacco smoking behaviour
This section is divided into three parts. The first part describes the burden of tobacco 
smoking and its associated health risks. The second part provides a global perspective 
on smoking behaviour, comparing immigrants and native-born people. The third part 
of this section describes the smoking behaviour of immigrants in the Australian 
context. This section aims to identify the research gaps on immigrants’ smoking 
behaviour and to understand the various mechanisms/pathways that can affect the 
nativity, duration of residence and smoking behaviour relationships. 
2.3.1 Tobacco smoking at a glance
Tobacco smoking is a major health risk factor and a leading cause of preventable death 
and disease around the world (U.S. Department of Health and Human Services 2004).
According to World Health Organisation (WHO) global estimates, almost 6 million 
people die from tobacco intake with a resultant annual economic loss of hundreds of 
billions of dollars. The global loss of life has been estimated at 7.5 million by 2020, 
accounting for 10% of all cause specific deaths (World Health Organisation 2011b).
Smoking is responsible for approximately 71% of lung cancers, 42% of chronic 
respiratory diseases and 10% of cardiovascular diseases (CVD) worldwide. The 
incidence of smoking is found to be higher in lower-middle-income countries but the 
overall prevalence is greater in high-income countries (World Health Organisation 
2011b). Common types of tobacco consumed are in the form of cigarettes, cigars, 
pipes, sticks, bidis, kreteks, and chewable tobacco products. Smoking is also 
associated with “men and masculinity”, satisfaction, wealth, power, and sexual success 
in many developing countries. However, in reality smoking only leads to illness, 
premature death and sexual problems (World Health Organisation 2002). In 2003, the 
World Health Assembly (WHA) adopted the World Health Organisation Framework 
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Convention on Tobacco Control (WHO FCTC) to mitigate the global burden of 
tobacco (World Health Organisation 2003). To meet the obligations of WHO FCTC, 
World Health Organisation (World Health Organisation 2008), launched a tobacco 
control measures under the acronym “MPOWER” package or strategy which denotes:
M= monitoring tobacco epidemic and prevention policies
P= protecting people from second-hand smoke 
O= offering help to people who wants to quit tobacco use
W= warning everyone about the dangers of tobacco 
E= enforcing bans on tobacco advertising, promotion and sponsorship 
R= raising taxes and prices on tobacco products.
In Australia, tobacco smoking is considered as a major cause of preventable mortality 
and morbidity (Australian Institute of Health and Welfare 2012). Tobacco 
consumption is responsible for about 8% of the total burden of disease and injury in 
Australia. Chronic health conditions like lung cancer, chronic obstructive pulmonary 
disease (COPD) and ischemic heart disease are responsible for more than three-
quarters of this burden due to the levels of tobacco smoking in Australia (Begg et al. 
2007). The initiatives to control the incidence and prevalence of tobacco smoking in 
Australia include bans on tobacco advertisements, promotion and sponsorship, raising 
the price and tax of cigarettes, establishing smoke-free environments, plain packaging, 
effective health warnings on tobacco products, restricting access to tobacco products, 
and helping people to quit smoking. These types of measures affect smoking behaviour 
of residents including the immigrants who become acculturated to the host country. 
Australia is considered one of the few countries to successfully implement all of the 
above measures over the past thirty years (White et al. 2003). Researchers have 
suggested a significant decline in smoking prevalence in Australia following the 
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introduction of the plain packaging policy (Daube et al. 2015; Diethelm & Farley 
2015).
Despite a steady decline in smoking prevalence during recent decades, however, we 
know little about the dynamics of tobacco smoking amongst, and differences between, 
immigrants and native-born Australians (Weber, Banks & Sitas 2011). Moreover, less 
effort has been made to implement the community based anti-smoking policies while 
considering the culturally and linguistically diverse population in Australia. Therefore, 
knowing the differences in the prevalence of smoking between immigrants and native-
born and the role of migration-related factors on smoking behaviour of immigrant 
population over time contributes to the limited longitudinal evidence on the nativity 
health behaviour gap in Australia. This knowledge will also be beneficial in designing 
appropriate smoking prevention programmes.
2.3.2 Critical review of immigrants’ tobacco smoking behaviour: a global 
perspective
Due to the assimilation and acculturation process in the host countries, immigrants are 
known to adopt progressively the social and cultural norms of the host countries where 
they settle down. Acculturation, generally defined as a process of immigrants 
gradually adopting the behaviours and/or the lifestyles of the host nation (Salant & 
Lauderdale 2003; Urquia & Gagnon 2011) has been an oft-cited explanation for the 
convergence of smoking behaviour of immigrant groups with that of native-born 
people. As immigrants become more acculturated in the host country, their attitudes 
and beliefs about smoking might change such that there may be inducements to 
encourage immigrants to initiate smoking behaviour (Huang 2008). On the other hand, 
because of the smoking control policies and initiatives, some immigrants may give up 
or quit smoking the longer they stay in the host countries (Choi et al. 2008). Previous 
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research has also suggested that due to the social and cultural conditions in the 
destination countries, the incidence of smoking increases to the level of the host 
country for those immigrants who move from the countries where the incidence of 
smoking is low to the countries where the incidence is comparatively high (U.S. 
Department of Health and Human Services 2004). Empirical research in different 
settings from around the world have shown different findings in relation to immigrants 
smoking behaviour. Some of the previous studies from United States, Canada (major 
countries to provide research evidence on immigrants’ health) and other part of the 
world have been critically analysed and are reported below in the next few paragraphs.
The United States of America provides substantial research evidence for the smoking 
behaviour of immigrants of Hispanic, African and Asian origins. The research studies 
analysing the data based on the American national surveys have found a lower rate of 
smoking among different immigrant groups compared to US-born people (Acevedo-
Garcia et al. 2005; Baluja, Park & Myers 2003; Prado et al. 2009; Singh & Siahpush 
2002; Stoddard 2009). Utilising the pooled data obtained from the National 
Longitudinal Mortality Study (NLMS) and the National Health Interview Survey 
(NHIS), Singh and Siahpush (2002) found immigrants to be three times less likely to 
be current smokers than their US-born counterparts. Particularly, in the case of 
immigrant subgroups, Asian & Pacific Islanders and Hispanic immigrants had the 
lowest and American Indians had the highest smoking prevalence (Singh & Siahpush 
2002). Similarly, Acevedo-Garcia et al. (2005) and Baluja, Park and Myers (2003)
used the pooled cross-sectional data from the US Current Population Surveys (CPS) 
and reported the lower overall smoking prevalence rates among foreign-born 
respondents compared to native-born counterparts after controlling for age, sex and 
socioeconomic status (SES). Analysing repeated cross-sectional data from the NHIS 
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(2004 to 2005), Stoddard (2009) also suggests both males and females of Mexican 
origin to be significantly less likely to start regular smoking compared to other ethnic 
groups, except Asian Americans. Acevedo-Garcia et al. (2005), Baluja, Park and 
Myers (2003) and Stoddard (2009) highlighted the differences in smoking behaviour 
in terms of country of origin. However, these researchers did not take account for the 
influence of duration of stay in the US and the likelihood of smoking 
initiation/cessation among immigrant sub-groups. While, Singh and Siahpush (2002)
suggested that as the duration of residency in the US increased, the smoking rates of 
immigrants converged toward the native-born after adjusting for socio-demographic 
factors.
Analysing cross-sectional data from the US national datasets, Abraido-Lanza, Chao 
and Florez (2005) and Chae, Gavin and Tareuch (2006) pointed out contradictory 
evidence for the smoking behaviour of immigrants in the United States. Utilising 
cross-sectional data from NHIS 1991, Abraido-Lanza, Chao and Florez (2005) suggest 
that both male and female Latinos including Puerto, Rican, Cuban, 
Mexican/Mexicano, Mexican Americans, Chicano, and other Latin Americans are less 
likely to be current smokers compared to non-Latinos whites (i.e., Whites non-
Hispanic origin). In contrast, analysing the data from a National Latino and Asian 
American Study (NLAAS), Chae, Gavin and Tareuch (2006) found an overall higher 
prevalence of current smoking among foreign-born men than US-born people. 
However, both of these studies used different datasets for analysis and focused on 
different immigrant groups. However, the assessment of current smoking status was 
similar for participants in both of these studies. These earlier cross-sectional research 
evidence suggests that adoption of smoking behaviour in the host country may not be 
the same among all foreign-born groups, rather it may be determined by differences in 
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values, perceptions and influence of their friends/family members and the process of 
assimilation in the US. 
Several studies in the US have shown that the acculturation plays a significant role in 
the smoking behaviour of Hispanic immigrants (Abraido-Lanza, Chao & Florez 2005; 
Castro et al. 2009; Gordon-Larsen et al. 2003; Kuerban 2016; Lara et al. 2005; 
Wilkinson et al. 2005). However, acculturation can have either a positive or negative 
effect on smoking behaviour. For example, Southeast Asian (SEA) immigrants to the 
United States initially have lower smoking rates than native-born people, but as they 
become acculturated (using duration of residence as a proxy), their smoking behaviour 
converges with that of native-born Americans (An et al. 2008; Constantine et al. 2010; 
Zhang & Wang 2008). On the other hand, foreign-born Africans in the US (King et al. 
1999) had lower rates of smoking than those of native-born even after lengthy duration 
of residence. Moreover, Parker et al. (2010) suggest that the relationship between 
acculturation process and smoking behaviour is poorly understood due to the lack of 
detailed data on specific immigrant groups in host countries. The complexity in the 
tools or scales used to measure acculturation may also be a factor in the diversity of 
findings to date. For instance, Abraido-Lanza, Chao and Florez (2005) only used 
nativity status and length of stay in US as  proxy variables to measure the acculturation 
level of Latino immigrants, whereas, Gordon-Larsen et al. (2003) used language 
spoken at home and linguistic isolation as additional components of acculturation. 
Additionally, some researchers have found that that Asian male immigrants highly 
acculturated in the US are less likely, and more acculturated Asian women are more 
likely, to adopt smoking behaviour (Choi et al. 2008; Song et al. 2004; Sussman & 
Truong 2011; Tong et al. 2010). However, the tools applied to measure acculturation 
of Asian immigrants differed in these studies. Tong et al. (2010) measured 
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acculturation in terms of Vietnamese immigrants’ duration of stay in the US and the 
language used to interview for this study, whereas, Song et al. (2004) used a validated 
Suinn-Lew Asian Self-Identity Acculturation Scale (SL-ASIA) to measure the 
smoking behaviour of Korean immigrants in the US.
In the case of Canada, analysing the combined longitudinal data from five cycles of 
National Population Health Survey (NPHS), Ng et al. (2005) found a lower proportion 
of non-European immigrants became regular smokers over the eight years of study 
period. In fact, Canadian born respondents were 1.5 times more likely to be regular 
smokers compared to long-term non-European immigrants. In contrast, the rates of 
smoking for European immigrants over time were similar to the Canadian population. 
The European immigrant category in this study includes those who were born in 
United States, Australia and New Zealand. Those participants who were born in other 
countries were considered as non-European immigrants (Ng et al. 2005). Recently, an 
analysis based on a combined unweighted sample of over 400,000 respondents from 
the repeated cross-sectional data of the three cycles (2000/01, 2003 and 2005) of the 
Canadian Community Health Survey (CCHS) found a lower prevalence of smoking 
among immigrants than native-born Canadians (Newbold & Neligan 2012). Among 
the immigrant groups, European immigrants were most likely and Asian immigrants 
least likely to be current smokers. Regardless of European immigrants, the likelihood 
of smoking among immigrants with duration of stay of less than 15 years was found 
to be less than immigrants who had duration of stay greater than 15 years in Canada 
(Newbold & Neligan 2012). Similarly, another study using existing data also found 
smoking was significantly more likely among long-term residents of White and Black 
ethnicity (i.e., immigrants who had a duration of stay in Canada of more than 15 years 
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or survey respondents born in Canada) than recent immigrants living in Canada for 
less than 15 years (Chiu et al. 2012).
A few other cross-sectional studies using the data from Canadian national surveys 
(NPHS and CCHS) also indicate a lower prevalence of smoking among immigrants as 
compared to Canadian-born people (Dunn & Dyck 2000; McDonald 2005; Pérez 
2002). In particular, non-European immigrants from countries like Asia, Africa, and 
South America were significantly less likely to be smokers than Canadian-born and 
other European immigrants (Dunn & Dyck 2000). With respect to duration of 
residence effect, McDonald (2005) suggests that the incidence of daily smoking among 
immigrant men converges to the rates of Canadian after more than 20 years of 
residence in Canada. However, he did not find any significant change with year since 
migration in smoking habits among immigrant women (McDonald 2005). In contrast, 
Pérez (2002) and Dunn and Dyck (2000) did not find any significant changes in 
smoking prevalence for either males or females as the number of years since their 
migration to Canada increased. These Canadian studies suggest that duration of 
residence as a measure of acculturation is not always associated with higher rates of 
smoking. Some groups of immigrants are known to maintain non-smoking habits even 
after staying for a long duration in Canada.
Cross-sectional research from the UK (Jayaweera & Quigley 2010) and France 
(Mejean et al. 2007) suggests lower prevalence of smoking among immigrants than 
the native-born populations. For example, analysing the self-reported cross-sectional 
data obtained from the Millennium Cohort Study (MCS) in United Kingdom, 
Jayaweera and Quigley (2010) found foreign-born women, except Black Caribbean 
immigrants, to be significantly less likely to smoke than UK-born respondents. 
Jayaweera and Quigley (2010) did not find any significant association between length 
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of residence in UK and the likelihood of smoking among immigrant groups after 
adjusting for socio-demographic variables. However, Mejean et al. (2007) have not 
provided the results for the effect of duration of residence on smoking behaviour of 
Tunisian immigrants in France. There is also an evidence of higher rates of tobacco 
smoking among immigrant groups in Sweden. Utilising two waves of self-reported 
longitudinal data from a Swedish Annual Level of Living Survey (SALLS) (with over 
sixty per cent foreign-born people), Sundquist and Johansson (1998) found a slight 
increase in the smoking behaviour over time among the study participants. A cross-
sectional study in Sweden also found a higher prevalence of daily smoking among 
Polish, Chilean, Turkish, and Iranian (only for male) immigrants compared to their 
Swedish counterparts (Wändell et al. 2004). As smoking was only considered as a 
control variable, neither of these two Swedish studies provide estimates for the effect 
of duration of stay and age at arrival on smoking behaviour.
Age at arrival, one of the proxy measure of acculturation, has been noted as an 
important determinant of smoking behaviour among immigrants (Kimbro 2009; Li & 
Wen 2015; Wilkinson et al. 2005). However, the cut-offs for age at arrival were not 
similar between these earlier studies and there is no clear evidence in these studies how 
age at arrival in a host country modifies the association between nativity, duration of 
residence (DoR) and smoking behaviour. For instance, arriving at less than 10 years 
of age is associated with higher odds of smoking among immigrant groups (Li & Wen 
2015). Similarly, Mexican-born immigrants who migrated before the age of 15 to the 
US had higher rates of smoking initiations (Wilkinson et al. 2005). All of these earlier 
findings based on age at arrival literature are supported by the theories of life-stage 
approach (Rumbaut 2004), suggesting that migrating during childhood or adolescence 
results in quicker and more complete integration and assimilation than occurs for 
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immigrants who arrive at older ages. Though these earlier cross-sectional studies found 
differences in smoking behaviour by age at arrival among immigrant groups, they did 
not properly account for how age at arrival moderates the associations between 
nativity, duration of residence and smoking behaviour. 
In general, socioeconomic status (SES) is known to be strongly associated with 
smoking prevalence across different immigrant ethnic groups (Blakely et al. 2006; 
Tong et al. 2010). For instance, compared to people with lower SES, both smoking 
initiation or quitting is more common among people with higher SES (Acevedo-Garcia 
et al. 2005; Blakely et al. 2006; Constantine et al. 2010). Moreover, the association 
between nativity, duration of residence, age at arrival and smoking is also influenced 
by English language proficiency and social participation in the host country, 
particularly among immigrants from non-English speaking backgrounds (Constantine 
et al. 2010; Gorman, Lariscy & Kaushik 2014; Wilkinson et al. 2005). For example, 
immigrants from non-English speaking background with higher levels of English 
language proficiency are more likely to smoke, may encounter more peer influences 
to initiate smoking and have increased access to tobacco products (Gundersen et al. 
2012; Guven & Islam 2015; Tang, Shimizu & Chen 2005; Unger et al. 2000).
Similarly, immigrants with more extensive social support networks and peer influence 
may either initiate smoking or could be motivated to quit smoking (Griesler, Kandel 
& Davies 2002; Prado et al. 2009). These results are based on cross-sectional data. 
English language ability, socioeconomic conditions and level of social support are 
generally known to vary over time. Not accounting for changes in these time-varying 
variables may bias results. Therefore, longitudinal data on these variables is required 
to overcome the limitations of most of the earlier studies.
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2.3.3 Critical review of immigrants’ tobacco smoking behaviour: the 
Australian context
Significant achievements in understanding immigrant dynamics and patterns of 
tobacco smoking simultaneously compared with native-born Australians has been 
hindered by the absence of longitudinal empirical research evidence. Most of the 
existing empirical research on immigrants’ smoking behaviour is either based on 
cross-section data of particular groups or provides descriptive analysis from Australian 
national surveys. However, the limited available cross-sectional research indicates 
significant difference in smoking behaviour among foreign-born and native population 
in Australia as described below.
Estimates from a recent Australian Health Survey (2011-12) indicate that 
approximately 2.8 million (16.3%) Australians aged 18 years and older were current 
daily smokers, with a higher proportion among males than female (18.2 % compared 
with 14.4%). The overall proportion of current daily smokers among foreign-born 
persons during 2011-12 was lower at 13.1% (Australian Bureau of Statistics 2012a).
Figure 2 indicates that trends in the proportion of current daily smokers among 
Australian-born and many foreign-born groups have declined gradually over time. 
However, immigrants from North Africa and Middle East have a slightly increased 
prevalence than the native-born over the 6 years’ time period shown (Australian 
Bureau of Statistics 2006, 2012a).
33
Figure 2: Trends in smoking among native-born and foreign-born Australians.
Source: ABS, 2004-05 and 2011-12 National Health Surveys, Australia
Empirical research evidence suggests a higher prevalence of cigarette smoking among 
British-born, and North American immigrants (Bennett 1993; Gray & Hill 1975; 
Strong, Trickett & Bhatia 1998; Weber, Banks & Sitas 2011) and lower prevalence 
among certain groups of Asian immigrants (Jirojwong & Manderson 2002; Siahpush 
& Borland 2001; Strong, Trickett & Bhatia 1998; Weber, Banks & Sitas 2011) as 
compared to native-born Australians. All of these studies are based on either cross-
sectional or repeated cross-sectional data. For instance, Gray and Hill (1975) analysed 
the cross-sectional survey data of 1,100 male and females over the age of 14, whereas 
Strong, Trickett and Bhatia (1998) utilised the secondary data from the Australian 
Institute of Health and Welfare (AIHW) mortality and morbidity databases. Bennett 
(1993) used combined data from Australian national surveys in 1980, 1883 and 1989, 
while, Weber, Banks and Sitas (2011) analysed cross-sectional data from people aged 
45 and over residing in New South Wales, Australia. Bennett (1993) found no 
significant association between the duration of stay in Australia and the likelihood of 
tobacco smoking among either male or female immigrant groups which is also 
supported by the findings of Rissel and Russell (1993) and Armstrong et al. (1983). In 
National Health Surveys
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contrast, Weber, Banks and Sitas (2011) illustrate a significant association between 
smoking behaviour and length of stay for women born in Asia. For instance, Asian 
women who had lived in Australia for less than 10 years had a lower rate of smoking 
than Australian-born women. However, Asian women who had stayed for more than 
40 years had a similar smoking rate to Australian-born women (Weber, Banks & Sitas 
2011). In this study, the smoking prevalence among Asian women was 8.2 %, 
compared to 7.3 % for Australian-born women. However, many studies do not report 
on the association between smoking rates and duration of stay in Australia (Gray & 
Hill 1975; Jirojwong & Manderson 2002; Siahpush & Borland 2001; Strong, Trickett 
& Bhatia 1998).
There is also some limited evidence from cross-sectional data in Australia suggesting 
gender, age, marital status, nativity status and SES factors to be significantly 
associated with smoking status among all Australians including migrant population 
(Rissel, McLellan & Bauman 2000; Siahpush & Borland 2001; Siahpush et al. 2013).
Even less is known about how age at arrival (AA) in Australia modifies the association
between nativity, duration of residence (DoR) and smoking behaviour. Therefore, this 
thesis can make a significant contribution to the migration literature by overcoming 
some limitations of previous research on smoking behaviour through the use of 
nationally representative longitudinal data with twelve years of follow-up.
2.4 Review of literature on immigrants’ physical activity 
This section is divided into four parts. The first part of this section explains the adapted 
theoretical framework describing the relationship between physical activity and health. 
The second part describes the health risks due to inadequate physical activities. The 
third part provides a critical review based on a global perspective of physical activity 
among immigrants. The final part provides a critical review of literature in the 
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Australian context regarding research evidence on physical activity of immigrants. The 
research gaps identified from the existing literature for immigrants’ physical activity 
aims to formulate the research questions and to conceptualise various mechanisms for 
the associations between nativity, duration of residence and physical activity of 
immigrants.
2.4.1 Relationship between physical activity and health: a theoretical 
framework
The association between level of physical activity, health-related fitness and health can 
be understood by the adopted theoretical framework presented in Figure 3 (Bouchard 
& Shephard 1994). The framework states that physical activity can influence fitness, 
which in turn may modify the level of physical activity. For example, a person with 
increased level of fitness tends to be more active while the fittest people tend to be the 
most active. The relationship between fitness and health is also reciprocal. Fitness not 
only influences health, but health status also influences both physical activity and 
fitness level (Bouchard & Shephard 1994). The factors that may influence physical 
activity, fitness and health are lifestyle behaviours, personal attributes, physical 
environment and social environment. Lifestyle behaviour includes smoking, diet, 
alcohol consumption and sleeping patterns. Age, gender, socioeconomic status (SES), 
personality, motivation and attitude towards physical activity and other health habits 
also influence physical activity. Physical environmental conditions such as 
temperature, humidity, air quality, altitude and climate change as well as aspects of the 
built environment (accessibility of parks, footpaths etc.) may also influence physical 
activity, fitness and health. Social environment that influences physical activity, fitness 
and health includes the social, cultural, political and economic condition of 
individuals. Finally, heredity also has an effect on all three components of the model: 
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physical activity, fitness and health status. There are inherited differences among 
individuals in the levels of physical activity and the level of their health related fitness 
(Bouchard & Shephard 1994).
Figure 3: Theoretical framework describing the relationship between physical 
activity, health-related fitness and health.
Source: Adopted from Bouchard and Shephard (1994).
2.4.2 Physical activity at a glance
Physical activity is considered to be a significant factor for maintaining overall good 
health and wellbeing. The World Health Organisation (WHO) identifies physical 
inactivity as the fourth leading risk factor for global mortality, contributing six per cent 
of death globally. Inadequate physical activity is considered an important behavioural 
risk factor for cardiovascular diseases (CVD), diabetes, obesity, stroke, depression, 
and cancers (Lee et al. 2012). Globally, it is considered as a cause of approximately 
25% of breast and colon cancers, 27% of diabetes and about 30% of ischaemic heart 

















Promotion of recommended physical activities such as brisk walking, climbing stairs, 
performing household tasks, and engagements in recreational activities are known to 
reduce the burden of disease (U.S. Department of Health and Human Services 1996).
Certain groups of immigrants in developed countries have substantially higher 
mortality rates from coronary heart disease (CHD) and stroke and also have a higher 
prevalence of some non-communicable diseases (NCDs) (Anand et al. 2000; Anikeeva 
et al. 2014; Barnett et al. 2006; Sheth et al. 1999). Despite the increasing importance 
of chronic diseases as causes of death and disability worldwide and of physical 
inactivity as a major risk factor for CHD and other chronic health conditions, 
knowledge of the differences in physical activity between immigrants and non-
immigrants is limited.
In Australia, low levels of physical activity are considered a key public health issue 
and recognised as the second most important risk factor, after tobacco use, which 
contributes to the burden of disease, morbidity and mortality (Bauman et al. 2002a).
According to the estimates in 2003, physical inactivity was responsible for about 7% 
of the total burden of disease and injury in Australia with ischaemic heart disease, 
type-2 diabetes and stroke attributing to more than two thirds of this burden (Begg et 
al. 2007). Approximately 60 per cent of people aged 15 and over are not engaged in 
recommended levels of physical activities as defined by national guidelines. Notably, 
Australians living in the rural areas are less likely to perform the recommended 
minimum level of physical activity (Australian Institute of Health and Welfare 2012).
Physical activity is a well-known risk factor for six of the seven National Health 
Priority Areas (NHPAs) (cardiovascular disease, diabetes, cancer, mental health, 
arthritis and musculoskeletal health, and injury) in Australia (Australian Institute of 
Health and Welfare 2003).
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2.4.3 Critical review of immigrants’ physical activity: a global perspective
Most of the research from the USA, Canada and the UK has either studied immigrants’
physical activity separately as a main outcome measures or have used it as a proximate 
determinant to predict different health outcomes.
In the US, studies based on either cross-sectional or longitudinal data suggest that 
foreign-born people are physically inactive compared to the US native-born (Abraido-
Lanza, Chao & Florez 2005; Brownson, Boehmer & Luke 2005; Crespo et al. 2001; 
Kagotho 2011; Kandula & Lauderdale 2005; Taverno Ross et al. 2014; Unger et al. 
2004). For instance, cross-sectional data from the National Health and Nutrition 
Examination Survey (NHANES III) (Crespo et al. 2001) and National Health 
Interview Survey (Abraido-Lanza, Chao & Florez 2005), indicate a lower prevalence 
of adequate physical activity among Hispanic and Latino immigrants than their US-
born counterparts. Similarly, Kagotho (2011) also found that foreign-born respondents 
are likely to report participation in physical activity as compared to the control group 
(native-born) after adjusting for possible confounders. Kagotho (2011) classified 
foreign-born groups into three categories such as Americans, South and East Asians, 
and Others (Europe and Central Asia, and Africa and the Middle East). Whereas, 
Abraido-Lanza, Chao and Florez (2005) and Crespo et al. (2001) focused only on 
Hispanic immigrants in the United States. Both of these studies by Crespo et al. (2001)
and Kagotho (2011) suggest that, generally, male immigrants are more physically 
active than female immigrants in the US. However, in these studies, methods of
assessing physical activity and statistical methods for data analysis were not 
comparable. None of these studies provide data about occupational, transportational 
or other non-leisure-time physical activities performed that may contribute to physical 
activity levels, despite evidence that non-leisure time physical activities constitute 
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higher components of total physical activities performed among immigrants, 
particularly among immigrants from non-English speaking background (Daniel et al. 
2013b; Kandula & Lauderdale 2005; Wolin et al. 2006).
In particular, South Asian immigrants in the US have low levels of physical activities 
(Daniel & Wilbur 2011; Daniel et al. 2013b; Misra, Endemann & Ayer 2005; Misra et 
al. 2000). For instance, Misra, Endemann and Ayer (2005) suggest that only 60 per 
cent of Asian Indian women participated in leisure-time physical activity (LTPA) as 
compared to 90 per cent of Asian Indian men. The level of physical activity in this 
study was assessed using a validated Minnesota Leisure Activity (MLTPA) 
questionnaire. However, this study did not provide adequate information about both 
changes in physical activity levels over time and the determinants associated with such 
changes (Misra, Endemann & Ayer 2005).
Previous US studies have suggested that the acculturation process plays a major role 
in shaping physical activity levels among foreign-born population (Abraido-Lanza, 
Chao & Florez 2005; Crespo et al. 2001; Evenson, Sarmiento & Ayala 2004; Gerber, 
Barker & Pühse 2012; Wolin et al. 2006). For instance, earlier research suggests that 
immigrant engagement in physical activities increases with duration of residence 
(Abraido-Lanza, Chao & Florez 2005; Crespo et al. 2001; Kagotho 2011). However, 
there is also evidence showing no association between duration of residence and 
engagement in physical activity among diverse immigrant groups (Allen et al. 2014; 
Evenson, Sarmiento & Ayala 2004). Indicators to measure acculturation in the above 
studies were not comparable. For example, utilising secondary data from the 1991
National Health Interview Survey, Abraido-Lanza, Chao and Florez (2005) used 
length of stay in the US as a proxy measure of acculturation. Whereas, Evenson, 
Sarmiento and Ayala (2004) used language, length of stay and age at arrival in the US 
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to assess acculturation among Hispanic immigrants living in North Carolina. While 
research has also shown that age at arrival in the host country of the immigrants is an 
important determinant that influences the engagements in physical activities (Evenson, 
Sarmiento & Ayala 2004), the classification of duration of residence also differed in 
these two studies. Moreover, the moderating role of age at arrival (AA) for the 
relationships between nativity, duration of residence (DoR) and physical activity is a 
relatively less researched area.
In the Canadian context, previous research demonstrates evidence both for and against 
the existence of differences between foreign-born and Canadian-born populations with 
regards to their level of physical activity. The majority of Canadian researchers have 
analysed data from the National Population Health Survey (NPHS), the Canadian 
Community Health Survey (CCHS), or the Longitudinal Surveys of Immigrants to 
Canada (LSIC). Studies by Pérez (2002), McDonald (2005) and Ng et al. (2005) in 
Canada have shown that immigrants are more likely to be physically inactive than 
native-born Canadians. Interestingly, these studies concluded that the likelihood of 
immigrants being physically inactive did not significantly change with duration of 
residence in Canada. However, Pérez (2002) suggests that immigrant men resident in 
Canada for more than 30 years were significantly more physically active than native-
born Canadians. Notably, these studies adopted different approaches to analyse data. 
For instance, Pérez (2002) analysed cross-sectional data obtained from CCHS, while 
Ng et al. (2005) utilised five cycles of longitudinal data from the NPHS (1994/95 to 
2002/2003). The classifications of immigrant sub-groups were similar in both these 
studies. Additionally, both of these studies considered respondents to be physically 
inactive during leisure time if they had engaged in activities that were not vigorous 
enough to require expending at least 1.5kkd (kcal/kg/day). However, these studies 
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have not reported information about non-leisure time physical activities such as 
household chores and other occupational physical activities.
The cross-sectional analysis based on the pooled population-based data of CCHS also 
suggests that the overall level of physical activity is lower among different group of 
immigrants compared to native-born Canadians (Bryan et al. 2006; Tremblay et al. 
2006). For instance, some groups of Asian immigrants had a lower prevalence of 
physical activity was lower among women than men (Bryan et al. 2006). Additionally, 
Tremblay et al. (2006) also found a higher prevalence of self-reported leisure-time 
Canada than recent immigrants for most of the ethnic group. For instance, the 
prevalence of physical activity for recently arrived South Asians immigrants with a
residency period of less than ten years was approximately eight per cent, whereas, the 
prevalence was approximately eighteen per cent for those South Asians who had 
resided in Canada for more than ten years. This study only measured leisure-time 
physical activity and do not provide information on non-leisure-time activities 
(Tremblay et al. 2006). In support of the findings of Tremblay et al. (2006), a recent 
study by Chiu et al. (2012) also found long-
years of residence) in Canada were significantly more likely to report adequate 
physical activity than recent migrants (<15 years of residency). However, Chiu et al. 
(2012) did not find a statistically significant association between duration of stay and 
the likelihood of reporting adequate physical activity for White and South Asian 
immigrants. Chiu et al. (2012) used combined pooled cross-sectional data from the 
NPHS and the CCHS for analysis, whereas, Tremblay et al. (2006) only used pooled 
data from the CCHS. The physical activity measurement methods differed in these two 
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studies. Tremblay et al. (2006) categorised physical activity levels as moderately 
Chiu et al. 
(2012) defined adequate physical activity as participating in 15 minutes or more of 
daily leisure time physical activity (e.g., walking for exercise, jogging, bicycling, etc.).
Previous research from other countries including New Zealand (Kolt et al. 2007),
Sweden (Dawson, Sundquist & Johansson 2005; Wändell et al. 2004), and the UK 
(Fischbacher, Hunt & Alexander 2004; Hayes et al. 2002; Williams et al. 2011) have 
also shown low levels of physical activity among various groups of immigrants. In 
particular, South Asians are more physically inactive in the UK (Fischbacher, Hunt & 
Alexander 2004; Hayes et al. 2002; Williams et al. 2011) and in New Zealand (Kolt et 
al. 2007) as compared to the native-born and other groups of immigrants. However, 
these findings are based on cross-sectional data. Moreover, most of these studies have 
not investigated the effect of duration of residence on physical activities among 
immigrants.
A number of factors may influence the physical activity levels of immigrants, such as; 
socioeconomic status (SES), English language proficiency and social 
networks/participation (Abraido-Lanza, Chao & Florez 2005; Daniel et al. 2013a; 
Evenson, Sarmiento & Ayala 2004; Lee, Cardinal & Loprinzi 2012; O’Driscoll et al. 
2013; Salinas et al. 2014). For example, lower SES and cost associated with physical 
activity facilities were noted as barriers for participation in physical activities among 
diverse immigrant groups (Caperchione, Kolt & Mummery 2013; Caperchoine, 
Mummery & Joyner 2009; O’Driscoll et al. 2013; Taylor et al. 2008). Immigrants with 
a better command of the English language and extensive social support networks were 
also found to adopt a more physically active lifestyle (Dassanayake et al. 2011; 
Evenson, Sarmiento & Ayala 2004; Evenson et al. 2002; Guven & Islam 2015; Kalavar 
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et al. 2005; O’Driscoll et al. 2013; Salinas et al. 2014; Shi et al. 2015). As these factors 
are known to change over time, the mediating mechanisms of these factors and 
analytical methods for controlling other unmeasured factors have not been clearly 
addressed in existing studies which have used either a single wave of data or have 
reported their findings based on a qualitative approach.
2.4.4 Critical review of immigrants’ physical activity: the Australian 
perspective
In Australia, literature on physical activity and the mechanisms associated with 
changes over time among immigrants has not been widely researched. There are few 
studies on physical activity as a risk factor of health among immigrant groups, with 
most of the findings based on cross-sectional data. There is also a limited research 
evidence on the dynamics of physical activity among immigrants, particularly with 
increase in duration of residence in Australia.
Australian national health and physical activity surveys during the 1990s suggest a 
gradual decline in physical activity levels among Australians aged 18-75 years 
(Bauman et al. 2003). However, these surveys do not provide any information on 
physical activity by country of birth or nativity status. Additionally, Bauman et al. 
(2003) have reported that the decline in physical activity is higher in Australia 
compared to the general population of other developed countries like the US, the UK, 
and New Zealand. A recent Australian Health Survey (2011-2012) shows a lower 
prevalence of physical activity among immigrants from Asia and Africa, and 
conversely a higher or similar prevalence of physical activity among immigrants from 
the United Kingdom, Ireland and New Zealand. However, this national annual survey 
does not provide evidence for factors such as duration of stay, age at arrival, language 
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ability, and SES factors that are associated with physical activity among immigrants 
as well as native-born Australians (Australian Bureau of Statistics 2012a).
Most Australian cross-sectional studies have suggested lower levels of physical 
activity among immigrant groups compared to native-born Australians (Armstrong et 
al. 1983; Bennett 1993; Dassanayake et al. 2011; Hodge et al. 2004). For instance, 
Bennett (1993); Dassanayake et al. (2011) suggest that immigrants from South East 
Asia, other Asian regions, other Oceania, the Middle East, and southern and eastern 
Europe were more likely to be physically inactive than native-born Australians.
Similarly, other research data suggests that Italian and Greek immigrants are also less 
physically active than native-born Australians (Armstrong et al. 1983; Hodge et al. 
2004). Additionally, a cross-sectional study by Hauck, Hollingsworth and Morgan 
(2011); Rissel and Russell (1993) provides evidence of a lower level of physical 
activity among Asian migrants in Australia compared to native-born Australians. Most 
of these Australian studies were either focused on particular groups of immigrants such 
as Italian, Greeks and Asians or the immigrant groups were classified in different 
ways. For example, Dassanayake et al. (2011) and Bennett (1993), classified the 
immigrant subgroups according to Australian Standard Classification of Countries. 
However, Dassanayake et al. (2011) analysed only cross-sectional data among first 
generation immigrants in Australia. In contrast, studies by Hodge et al. (2004) and 
Armstrong et al. (1983) were focused on Italian migrants in Australia. Moreover, most 
of these earlier Australian studies have not measured physical activity as a primary 
outcome, instead examining physical activity as a health risk factor.
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Previous research evidence has revealed mixed results for the effect of duration of 
residence on the level of physical activity among immigrants in Australia. Bennett 
(1993) found higher physical activity levels among immigrants who had a longer 
duration of residency in Australia than those with a shorter duration of residence. 
However, Armstrong et al. (1983) did not find any significant association between the
duration of residence in Australia and participation in physical activity among 
immigrant populations. Other studies have not measured the effect of duration of 
residence on physical activity participation (Dassanayake et al. 2011; Hodge et al. 
2004). The analysis of these studies are based on self-reported cross-sectional data; as 
such, they do not provide any evidence of the dynamics of change in physical activity 
levels over time for migrants in Australia. Moreover, the methodological approaches 
used for data collection in these studies are dissimilar. Most of the studies have 
measured the frequency but not intensity of physical activity. For instance, 
Dassanayake et al. (2011) calculated the level of physical activity using scores derived 
from the estimated energy expenditure and calculated metabolic equivalents (METs). 
Whereas, Bennett (1993) measured the physical activity levels by asking only about 
exercise taken for recreation, sports or fitness purpose in the previous two weeks. 
Though differences in levels of physical activity are observed from these cross-
sectional studies, detailed longitudinal evidence on the association between nativity 
status and physical activity is lacking in Australia. Moreover, the pathways by which 
transition of physical activity occur over time are poorly understood, limiting the 
ability to implement health promotion policies. Such an investigation is necessary to 
address the research gaps and contribute to the knowledge of the dynamics of physical 
activity of immigrants in Australia.
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2.5 Review of the literature on immigrants’ alcohol consumption 
behaviour 
This section is divided into three parts. It initially provides information on the burden 
of alcohol consumption and associated health risks. The second part provides a critical 
review based on a global perspective of alcohol consumption among immigrants. The 
third part provides a critical review of the Australian literature on immigrants’ alcohol 
consumption. The limitations or drawbacks identified from the current literature on 
immigrants’ alcohol consumption behaviour will enable better understanding of 
various mechanisms/pathways for the associations between nativity, duration of 
residence and alcohol consumption behaviour of immigrants.
2.5.1 Alcohol consumption at a glance
The harmful use of alcohol is one of the global leading health risk factors, resulting in 
approximately 3.3 million deaths each year. Alcohol accounts for approximately 5.1 
per cent of the global burden of disease. Specifically, the burden of alcohol is higher 
in developed countries as compared to developing countries (World Health 
Organization 2014). Generally, alcohol consumption is estimated to cause 20 to 50 per 
cent of cirrhosis of the liver, epilepsy, poisonings, road traffic accidents, violence and 
several types of cancer (World Health Organisation 2011a). Common types of alcohol 
consumed are beer, wine, sprits and other beverages. Other beverage includes 
fermented beverages made from sorghum, maize, millet, rice, cider, fruit wine, and 
fortified wine (World Health Organisation 2011a). The risk for most diseases tends to 
increase with the volume of alcohol being consumed. The most cost-effective 
measures to control alcohol consumption at the individual and community levels are 
increasing the alcohol price and tax, restrictions on alcohol availability, legislation for 
minimum legal age for purchasing and drinking, and monitoring of drinking-driving 
47
practices (Room, Babor & Rehm 2005). Migrants with higher patterns of risky 
drinking behaviour are known to experience higher rates of alcohol-related harms. 
Social disadvantage, acculturation, drinking preferences, and alcohol metabolism are
some other factors that contribute to alcohol drinking behaviour (Chartier, Vaeth & 
Caetano 2013).
Risky alcohol drinking is a known public health problem in Australia and is 
responsible for a substantial burden of morbidity, mortality, injury and social harms. 
For example, an excessive level of alcohol consumption is a major factor for road 
traffic accidents (RTA) and injuries. Alcohol consumption is also related to social 
problems such as violence, suicide, family breakdown, and child abuse (Begg et al.
2007). The Australian Institute of Health and Welfare (AIHW) in 2012 estimated that 
1 in 5 people aged 14 and over in Australia are at risk of alcohol-related harm over 
their lifetime, and 2 in 5 are at risk of harm from a single drinking occasion in the past 
12 months (Australian Institute of Health and Welfare 2012). In 2003, 2.3 per cent of 
the total burden of disease in Australia was attributed to excess alcohol consumption, 
with a large proportion of this burden among males under the age of 45 (Begg et al. 
2007). However, from the review of the literature to date, there seems to be a scarcity 
of research reporting alcohol consumption patterns and alcohol-attributable burden of 
disease among immigrants in Australia.
2.5.2 Critical review of immigrants’ alcohol consumption: a global 
perspective
The incidence and prevalence of alcohol consumption by immigrants are known to be 
determined by the alcohol-related practice in their host country. The difference 
between immigrants and native-born people’s alcohol consumption has been reported 
in many research studies conducted in North American, and some European, countries.
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In the US, most of the existing research about immigrants’ health behaviour are based 
on different national surveys. Analysing two waves of longitudinal data obtained from 
National Longitudinal Study of Adolescent Health survey, Wahl and Eitle (2010)
found that first generation immigrants in the US are less likely to consume alcohol and 
engage in binge drinking behaviour compared to third-plus generations. Additionally, 
this study also found males to be more likely to consume alcohol and engage in binge 
drinking than females for all immigrant groups (Wahl & Eitle 2010). Similarly, using 
two waves of longitudinal data from the same dataset, Prado et al. (2009) found that 
Hispanic immigrant adolescents consumed less alcohol as compared to US-born 
adolescents. However, Prado et al. (2009) did not examine binge drinking patterns 
among study participants. In both of these studies alcohol consumption was defined as 
drinking beer, wine, or liquor (not just a sip or a taste of someone else’s drink) more 
than two to three times during the last year. While, binge drinkers were individuals 
who had reported drinking five or more drinks in a row in one day over the past one 
year. A recent longitudinal study in the US found a significant decline in numbers of 
days of drinking, binge drinking (five or more drinks on the same occasion) and heavy 
drinking (five or more drinks on the same occasion on five or more days during the 
past 90 days) during the pre-immigration to post-immigration period among Latino 
immigrants in the United States. Pre-immigration information about alcohol drinking 
patterns was collected from those Latinos who were living in the US for less than a 
year (De La Rosa et al. 2013).
Cross-sectional studies in the United States have also indicated a lower prevalence of 
harmful alcohol consumption among diverse group of immigrants than the US native-
born (Strunin et al. 2007; Szaflarski, Cubbins & Ying 2011). Particularly, Szaflarski, 
Cubbins and Ying (2011) found Asian /Pacific Islanders and African immigrants are 
49
significantly less likely to be risky drinkers than their US native-born counterparts. On 
the other hand, Strunin et al. (2007) only focused on Mexican immigrants and 
suggested lower levels of alcohol consumption among Mexican immigrants compared 
to the US native-born. However, among current drinkers (12 or more drinks over the 
past 12 months), the frequency and quantity of alcohol drinking was similar in both 
groups. Interestingly, this study also suggests that Mexican immigrants were 
significantly less likely than the US native-born to start drinking before the age of 18 
years (Strunin et al. 2007). Both of these studies utilised data from National 
Epidemiological Survey on Alcohol and Related Conditions (NESARC) and followed 
similar guidelines in categorising alcohol consumption rates among the study 
population. Excessive drinking or being at risk for alcohol-related problems was 
defined separately for males and females. For example, risky drinking for males was 
defined as consuming more than fourteen drinks per week or more than five drinks in 
one setting. For females, risky drinking was defined as consuming more than seven 
drinks per week or more than four at one sitting. In terms of effect of duration of stay, 
Szaflarski, Cubbins and Ying (2011) did not find any significant association between 
duration of stay in US and the likelihood of excess alcohol drinking, whereas, Strunin 
et al. (2007) did not measure the effect of duration of stay on alcohol consumption. 
Similarly, a different cross-sectional study among 261 Asian Indian (Gujarati) in the 
United States found that more than half of the study participants consumed alcohol 
either occasionally or once a week. However, the study did not provide comparative 
results to the US native-born (Misra et al. 2000).
The effect of acculturation on alcohol drinking patterns is widely researched in the 
United States. However, Lara et al. (2005) states that the relationship between 
acculturation process and alcohol drinking is complex and is not only related to the 
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frequency of alcohol drinking but also the volume of alcohol consumption. Some US 
studies have shown acculturation to be associated with greater incidence or initiation 
of alcohol consumption among a diverse group of Hispanic, African and Asian 
American immigrants (Abraido-Lanza, Chao & Florez 2005; Hahm, Lahiff & 
Guterman 2003; Johnson, VanGeest & Ik Cho 2002; Kimbro 2009; Mills & Caetano 
2012; Zemore 2007). However, other studies found no association between 
acculturation and risky alcohol drinking behaviour among US immigrants (Markides 
et al. 1990; Szaflarski, Cubbins & Ying 2011). The measurements of acculturation in 
these studies has not been consistent. For example, Abraido-Lanza, Chao and Florez 
(2005) and Johnson, VanGeest and Ik Cho (2002) used country of birth and duration 
of stay in US as components to measure acculturation and assimilation of Hispanic 
immigrants. On the other hand, Hahm, Lahiff and Guterman (2003) and Markides et 
al. (1990) used language spoken/preferences and country of birth/nativity of 
respondents and nativity status of parents as indicators of acculturation among diverse 
immigrant groups in US.
In Canada, previous studies analysing cross-sectional data obtained from national 
datasets suggest that immigrants generally have a significantly lower prevalence of 
harmful alcohol consumptions compared to native-born Canadians (McDonald 2005; 
Pérez 2002). Analysing secondary data, McDonald (2005) found a lower weekly 
alcohol consumption and binge drinking rate among immigrant groups compared to 
the native-born Canadians. Interestingly, McDonald (2005) found a significant 
increase in alcohol consumption for male (not female) immigrants who had resided for 
longer in Canada. However, in the case of male immigrants from Europe and America, 
alcohol consumption patterns converged with the native-born level as they resided for 
longer in Canada (McDonald 2005). On the other hand, Pérez (2002) suggests that 
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heavy alcohol drinking habits among male immigrants did not converge towards the 
native-born even after a longer duration of residence in Canada, although convergence 
was found among female immigrants. 
There is also evidence of a positive acculturation effect on alcohol consumption among 
Canadian immigrants. A recent study utilising combined cross-sectional pooled data 
from the CCHS and the NPHS suggests long-
are less likely to be non-regular alcohol drinkers than recent immigrants (<15 years) 
(Chiu et al. 2012). This study defined non-regular alcohol consumption as drinking 
less than three drinks per week (Chiu et al. 2012). Some other cross-sectional studies 
utilising different waves of NHPS data also suggest a low rate of alcohol consumption 
among immigrants as compared to native-born Canadians (Dunn & Dyck 2000; 
Newbold & Danforth 2003). All of these studies used different tools to measure 
alcohol consumption and also the classifications of immigrant groups and duration of 
residence varied considerably. For instance, McDonald (2005) defined binge drinking 
as the consumption of five or more drinks in one sitting. In contrast, Pérez (2002)
considered someone to be a current drinker if he/she consumed an average of more 
than 2 drinks per day over the past week. Similarly, Newbold and Danforth (2003)
defined >14 drinks per week as heavy drinking for males and >9 drink per week as 
heavy drinking for females. But this study did not examine the influence of either 
duration of residence or age at arrival on the alcohol drinking behaviour of immigrants 
(Newbold & Danforth 2003).
Some comparative research focused on immigrants’ alcohol consumption behaviours 
has also been undertaken in the UK (Bécares, Nazroo & Stafford 2011; Bhopal et al. 
2004; Jayaweera & Quigley 2010; McKeigue & Karmi 1993) and other European 
countries (Amundsen 2012; Hjern & Allebeck 2004; Hosper et al. 2007). For instance, 
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analysing a single wave of data from Millennium Cohort Study, Jayaweera and 
Quigley (2010) found a lower rate of alcohol consumption among immigrant 
compared to their UK-born counterparts. However, after adjusting for ethnic groups 
and other socioeconomic factors, being foreign-born was not significantly associated 
with lower rates of alcohol consumption in this study (Jayaweera & Quigley 2010).
Additionally, the authors did not find any significant association between duration of 
stay in the UK and alcohol consumption among immigrant mothers (Jayaweera & 
Quigley 2010). Immigrants from India, Pakistan and Bangladesh were found to have 
the lowest rates of alcohol consumption compared to other immigrants in the UK 
(Bhopal et al. 2004; Jayaweera & Quigley 2010).
Research from Sweden, Norway and the Netherlands also indicate a lower prevalence 
of alcohol drinking among various immigrant groups compared to native-born 
populations (Amundsen 2012; Hjern & Allebeck 2004; Hosper et al. 2007). Utilising 
combined data from the Swedish Population and Housing Census and National 
Hospital Discharge Register, Hjern and Allebeck (2004) found first and second 
generation Finnish immigrants to have a higher risk of hospitalisation due to alcohol-
related disorders compared to the Swedish population, after adjusting for socio-
demographic factors. However, this study focused on admission to a hospital due to 
alcohol-related disorder, which is an indirect indicator of alcohol consumption, and 
did not provide details on the tools used to measure the prevalence of alcohol 
consumption among immigrant generations (Hjern & Allebeck 2004). Similarly, a 
recent Norwegian study utilising data from three national datasets also suggests a 
lower prevalence of alcohol consumption among immigrants from Iran, Turkey and 
Pakistan compared to native-born Norwegians. Among immigrant groups, Iranians 
were more likely than other immigrant subgroups to report alcohol drinking. There is 
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also an evidence that immigrants residing for a longer period in Norway drank alcohol 
less frequently (Amundsen 2012).
Other evidence suggests either higher (Agic et al. 2015; Borges et al. 2012; Salas-
Wright et al. 2014) or similar (Kimbro 2009) rates of risky alcohol drinking behaviours 
between diverse groups of immigrants who arrive at the younger age in North 
American countries and the native-born. However, these studies do not provide any 
evidence on how age at arrival modifies the relationship between nativity, duration of 
residence and alcohol consumption. Additionally, the grouping of age at arrival and 
classification of immigrant groups are dissimilar in these studies. Socioeconomic 
status (Amundsen 2012; Arfken et al. 2013; Karriker-Jaffe & Zemore 2009; Lo, Cheng 
& Howell 2014; Marks, Garcia & Solis 1990; Szaflarski, Cubbins & Ying 2011) and 
social support/interaction (Amundsen 2012; Perreira & Cortes 2006; Prado et al. 2009)
are major factors that influences the alcohol drinking behaviour of immigrants groups. 
Research also suggests that acculturative stress, unemployment status and low social 
support can influence alcohol consumption behaviour among diverse immigrants 
groups (Acosta et al. 2015; Buchanan & Smokowski 2009; Caetano, Clark & Tam 
1998). However, the magnitude of the directions and pathways (such as whether they 
act as a confounders or mediators) of these variables are not well established in prior 
research. Moreover, these factors may change over time in individuals, particularly 
among immigrants, and not accounting for these over time changes can produce biased 
estimates. Therefore, given limited research on differences and changes over time in 
alcohol consumption behaviour between immigrants and non-immigrants, 
understanding the various mechanisms by which this occurs will inform the design of 
public health policy and health promotion programmes.
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2.5.3 Critical review of immigrants’ alcohol consumption: the Australian 
context
In a similar vein to other health behaviours described in the previous sections of this 
chapter, studies focused on immigrants’ alcohol consumption patterns is very patchy 
in Australia. A better understanding of immigrants’ alcohol consumption patterns in 
Australia is crucial to establishing effective community-based health promotion 
strategies, including advice on healthy drinking practice. Previous research focused on 
immigrants’ alcohol consumption has been based either on local or national cross-
sectional surveys. During 2011-12, 82.4 per cent of Australians aged 18 years and over 
had consumed alcohol. Of the sample, 87.6 per cent of males had consumed alcohol 
in the past year while the proportion for females was only 77.3 per cent (Australian 
Bureau of Statistics 2012a).
Figure 4 below illustrates the differences in the proportion of alcohol consumption 
among Australian and foreign-born people. The data presented is based on the 2009 
National Health and Medical Research Council (NHMRC) guidelines in terms of 
lifetime and single occasion risks of alcohol consumption. In the case of both NHMRC 
guidelines, foreign-born people generally consumed less alcohol than native-born 
Australians. Interestingly, the data presented in Figure 4 also shows that immigrants 
from North Africa and the Middle East were less likely to consume alcohol than other 
immigrants (Australian Bureau of Statistics 2012a). However, this survey does not 
consider alcohol consumption patterns in terms of duration of stay or age at arrival in 
Australia.
55
Figure 4: Alcohol consumption among the Australian-born and foreign-born based 
on 2009 NHMRC guidelines.
Previous studies analysing national datasets and focused on different migrant groups 
suggests that the level of regular alcohol consumption is typically lower among 
immigrants than their Australian-born counterparts (Bennett 1993; Donato-Hunt, 
Munot & Copeland 2012; Harriss et al. 2007; Hodge et al. 2004, 2006; Strong, Trickett 
& Bhatia 1998). However, a range of different datasets and analytical techniques were 
utilised in these studies. For instance, using baseline data from the Melbourne 
Collaborative Cohort Study (MCCS), Harriss et al. (2007) and Hodge et al. (2004, 
2006) found that immigrants from European countries (United Kingdom, Italy and 
Greece) are less likely to be moderate-to-high alcohol drinkers than the Australian-
born. The overall proportion of the southern European immigrant sample in the MCCS 
survey was 24 per cent. Based on the MCCS questionnaire, those participants who 
Harriss et al. (2007)
and Hodge et al. (2006) have provided estimates of the quantity, frequency (i.e., 
number of drinking days in the previous week) and the beverage type (e.g., beer, wine 
and spirits) consumed over a year. However, this information has not been 
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Analysing national datasets from the 1980s and early 1990s, Bennett (1993) and 
Strong, Trickett and Bhatia (1998) found lower rates of risky alcohol consumption 
among immigrants from non-English speaking background and higher or similar rates 
among British immigrants. In particular, Strong, Trickett and Bhatia (1998) found that 
Asian immigrants were less likely to be risky alcohol consumers. The measurement of 
alcohol consumption in these two studies was based on the questionnaire derived from 
Australia’s National Health Surveys during the study period. Bennett (1993) found 
longer duration of residence to be associated with higher alcohol consumption among 
immigrants from non-English speaking backgrounds, whereas Strong, Trickett and 
Bhatia (1998) did not provide information on the effect of duration of residence.
A few other earlier cross-sectional studies have suggested lower alcohol consumption 
rates among Vietnamese and Thai immigrants in Australia (Bertram, Flaherty & 
Everingham 1996; Jirojwong & Manderson 2002; Rissel & Russell 1993). Utilising 
data from the National Campaign Against Drug Abuse (NCADA), Bertram, Flaherty 
and Everingham (1996) found lower rates of drinking among Vietnamese than native-
born Australians. While Rissel and Russell (1993) did not include any comparison 
with the native-born Australian population and did not provide any evidence of how 
alcohol drinking patterns are affected by duration of stay in Australia. Jirojwong and 
Manderson (2002) suggested that alcohol consumption among Thai women migrants 
is not be influenced by their duration of stay in Australia. The measurement of alcohol 
consumption varied considerably in these studies, likely impacting on variations in 
their findings. Moreover, the pathways or the mediating variables that can influence 
alcohol consumption among immigrants in Australia have not been considered in these 
earlier studies.
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2.6 Summary of literature review
To conclude, various earlier studies and reviews have attempted to document research 
on the health behaviours of diverse groups of immigrants in major migrant receiving 
countries. Most of the previous global as well as Australian studies have shown a lower 
prevalence of tobacco smoking, physical activity and alcohol consumption among 
immigrants relative to the native-born in their respective host countries. Particularly, 
immigrants from non-English speaking background (Latinos, Asians, and Africans) 
have lower rates of these health behaviours. In the Australian context, some 
researchers suggest a higher rate of smoking among certain immigrant groups 
compared to native-born Australians but lower rates of leisure-time physical activities 
and alcohol consumption. However, prior research has provided inconsistent evidence 
for the association between the duration of residence and immigrant health behaviours. 
A number of highly cited studies have demonstrated that the health behaviour 
advantage of immigrants compared to the native-born (NB) population declines with 
increased duration of residence in their host countries. The major proxies used to 
measure acculturation of immigrants in existing studies are duration of residence, age 
at arrival, language ability and generation status. Some researchers have also used 
acculturation scales for specific group of immigrants. There is wide variation regarding 
the instruments used to measure health behaviours in earlier studies. For instance, the 
measurement of volume, beverage type and alcohol consumptions patterns are diverse 
in prior studies. This variation may be due to differences in national guidelines for 
these health behaviours. Similarly, guidelines used for physical activity measures are 
not consistent in earlier studies. Socioeconomic status and level of social support 
associated with post immigration experiences that are likely to influence health 
behaviours can change over time, with this rarely accounted for in most studies to date.
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A number of gaps were identified in the existing health behaviour literature among 
immigrants across major migrant receiving countries. Most of the studies have several 
methodological limitations including cross-sectional study designs, small sample 
sizes, a lack of comparison to native-born populations, and no assessment of the 
potential mediating effects on health behaviours of English language proficiency, 
socioeconomic status and social support over time. Health behaviour trajectories and 
changing determinants or mechanisms of immigrant health behaviour have not been 
well documented in the extant literature, a limitation also identified by many 
reviewers. Most of the evidence from the existing literature is limited by the use of 
single indicator of health behaviour measures and poor control of time-varying factors 
for the exposure-outcome associations. Moreover, little attention has been paid to the 
role of age at arrival in moderating the association between nativity, duration of 
residence and health behaviour. Particularly in the context of Australia, such 
information on migrant health behaviours is limited. 
This thesis will advance our understanding of immigrant trajectories in key health 
behaviours through advanced analysis of longitudinal data obtained from a nationally 
representative population-based household survey (i.e., HILDA). Thus, this research 
fills a significant gap in knowledge on immigrant health behaviour by understanding 
the effect of nativity and duration of residence on differences in health behaviours 
between immigrants and the native-born Australians and exploring the possible 
pathways (English language proficiency, socioeconomic status and social support) of 
health behaviour change. Unlike previous studies that have examined these 
associations using cross-sectional data, I have used twelve waves of longitudinal data 
to investigate the nature of the association between migration and key health 
behaviours in the Australian setting.
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CHAPTER 3: RESEARCH METHODOLOGY
3.1 Introduction
To address the drawbacks in the existing literature, an in-depth analysis of a nationally 
representative dataset that assesses key lifestyle-related health behaviours and other 
individual-level factors over multiple time intervals is required. Therefore, this thesis 
has utilised multiple rounds of secondary source of data from the longitudinal 
Household, Income and Labour Dynamics in Australia (HILDA) survey. This chapter 
explains the research methodology used for in this thesis to meet this need. This 
chapter is divided into four sections. The first section describes about the HILDA
survey, and also explains the survey methods including sampling, study population 
and data collection tools and techniques applied in HILDA survey. The second section 
of this chapter describes the sample included in this study. The description of outcome 
and exposure variables and other covariates used in this study are explained in the third 
section. Finally, the last section of this chapter provides explanations for various 
regression models that are utilised in this thesis.
3.2 Household Income and Labour Dynamics in Australia (HILDA) 
survey 
3.2.1 Background of HILDA survey
The HILDA survey, which began in 2001, is a nationally representative household-
based panel survey of the Australian population, including foreign-born people. It 
collects detailed social, demographic, health and economic information, including 
nativity status, subjective well-being and family dynamics (Summerfield et al. 2013).
All eligible members (aged 15 years and older) of the HILDA panel who occupied 
private dwellings in 2001 are interviewed annually in subsequent waves. The design 
of the HILDA survey is similar to that of household panel studies in other countries 
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such as the British Household Panel Survey (BHPS), the Dutch Socio-Economic 
Panel, the German Socio-Economic Panel (GSOEP), and the Survey of Family, 
Income and Employment (SoFIE) in New Zealand (Watson & Wooden 2012; Wooden 
& Watson 2001).
Other existing longitudinal surveys in Australia include the Longitudinal Survey of 
Immigrants to Australia (LSIA), the Longitudinal Surveys of Australian Youth 
(LSAY), and the Survey of Employment and Unemployment Patterns (SEUP). All of 
these surveys focus on relatively small sub-groups of the population, or have quite 
narrowly defined subject matters (Wooden & Watson 2001). For instance, LSIA is 
restricted to recently arrived immigrants and does not have information on native-born 
Australians (Cobb-Clark 2001). Thus, the HILDA survey is the only comprehensive
population-based longitudinal survey which provides information about the native-
born and foreign-born populations in Australia. From an international perspective, the 
HILDA survey is a rich source of information for migration researchers, in that it 
simultaneously tracks a reasonable large sample of foreign-born and native-born 
Australians over a long period of time without systematically excluding or under-
representing them (Cobb-Clark et al. 2012). The HILDA survey was initiated to collect 
data on a range of variables related to Australian policies, and could provide baseline 
information pertinent to economic and social policy changes in the future (Wooden, 
Freidin & Watson 2002). The HILDA survey is funded by the Australian government 
through the Department of Social Services (DSS). The Melbourne Institute of Applied 
Economic and Social Research, a research institute at the University of Melbourne, is 
responsible for the overall management of this survey. The funding for HILDA survey 
has been assured for sixteen waves, although it is intended that the survey will continue 
for longer than this.
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3.2.2 Sampling unit and sample selection
The sampling unit in HILDA survey is the household, defined as ‘a group of people 
who usually reside and share foods together’. People who typically lived in the 
household when the initial sample was selected in 2001, but were temporarily away 
from home for work, school or other reasons were also considered as part of the 
household. For these types of household members, interviews were conducted at 
locations other than the household address. Additionally, people living in more than 
one household were treated as members of the household where they spent most of 
their time. Visitors to the household were not eligible to be household members. A
detailed description of sampling design and data collection methods used in the 
HILDA survey can be found elsewhere (Wooden, Freidin & Watson 2002).
The households for the HILDA survey were selected using a multi-stage clustered 
approach. Multi-stage sampling is a random sampling method which gives each of the 
units in the targeted population an equal chance of being selected. This sampling 
method is more economical and popular for population-based household surveys 
(Bowling 2002). Multi-stage sampling is an extension of cluster sampling methods. It 
involves selecting a sample of clusters (first-stage sample) and then selecting a sample 
of population units within each selected cluster (second-stage sample). The sampling 
unit changes at each stage of selection. The units selected at the final stage of sampling 
are called the final-stage sample (Bowling 2002).
Figure 5 shows the technique used for multi-stage clustered sampling in the HILDA 
survey. First, a sample of 488 Census Collection Districts (CDs) were selected from 
across Australia (each CDs consists approximately 200 to 250 households). The 
selected CDs were stratified by state and then further by metropolitan and non-
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metropolitan regions (within the five most populous states) to ensure the sample 
population represented all parts of Australia. A proportional probability sampling 
method was applied to select the CDs based on the dwellings recorded at the 1996 
census. Second, a sample of 22 to 34 dwellings was selected within each of these CDs, 
depending on the expected response and occupancy rates in those areas. These 
selections were made after all dwellings within each of the CDs were fully listed. 
Finally, within each dwelling, up to three households were chosen to be part of the 
sample (Wooden, Freidin & Watson 2002). Dwellings are defined as a self-contained 
suite of rooms, which includes cooking and bathing facilities, intended for long-term 
residential use. A dwelling may consist of part of, or a whole, building. The sample 
was restricted to households living in private dwellings, excluding very remote parts 
of Australia. The definition of household and dwelling in the HILDA survey are 
adopted from the Australian Bureau of Statistics (ABS) definitions (Watson & 
Wooden 2012).
Figure 5: Multi-stage clustered sampling used in HILDA survey.
488 Census Collection 
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•CDs were stratified 
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63
3.2.3 HILDA data collection methods
3.2.3.1 Data collection techniques and instruments
The survey instruments administered in HILDA survey are divided into two 
components; the household and individual interview component. A Household Form 
(HF) and Household Questionnaire (HQ), part of the household components, are 
completed during a personal interview with one adult member of each sample 
household (Wooden, Freidin & Watson 2002). The HF are designed for the 
documentation and verification of general information about the household 
composition immediately after making contact. The basic information recorded on this 
form includes house address, house type and household member characteristics (e.g., 
date of birth, sex, English language proficiency, and disability status). The HQ collects 
information about the household rather than about individual household members. The 
HQ contains questions about childcare arrangements, housing conditions and 
household expenditures (Wooden, Freidin & Watson 2002). On the other hand, the 
Person Questionnaire (PQ) and the Self-Completion Questionnaire (SCQ) are part of 
the individual interview components administered to all household members aged 15 
years and above. The topic under PQ covers information on various socioeconomic 
conditions, country of birth, language, health and healthcare, and family background. 
The PQ is either the Continuing Person Questionnaire (CPQ) or the New Person 
Questionnaire (NPQ). Generally, CPQ is for each respondent who has been followed 
from an earlier wave. The NPQ is for the respondents who are in the survey for the 
first time and have not participated in previous wave. For example, if a new household 
members resulting from the changes in the composition of the original household 
becomes a part of HILDA survey from the second wave onwards, then he/she is 
interviewed by administering the NPQ (Wooden, Freidin & Watson 2002).
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Finally, all the respondents completing the PQ interview are asked to complete the 
Self-Completion Questionnaire (SCQ). The questions in this part are mainly related to 
attitude and covers the topics which respondents may feel uncomfortable answering 
during face-to-face interviews. The questionnaire in the SCQ collects the information 
about respondents’ general health and wellbeing, lifestyle and living situation, 
financial status, jobs, and parenting. Information about lifestyle related health 
behaviours (smoking, physical activity and alcohol consumption) has been collected 
in all the waves as part of the SCQ (Wooden, Freidin & Watson 2002). The HILDA 
survey questionnaires are available to view and download from the following website: 
http://www.melbourneinstitute.com/hilda/doc/questionnaires/default.html .
3.2.3.2 Administration of the questionnaire
The principal technique used for data collection in HILDA survey is face-to-face 
questionnaire interviews. Telephone interviews and assisted interviews are also 
conducted to ensure a high response rate but only for the respondents who had moved 
to locations not covered by the network of face-to-face interviewers. The percentages 
of interviews conducted by telephone from wave 1 to wave 12 of HILDA survey were 
between 0.5 to 10.1 per cent, with an average of 7.3 per cent (Summerfield et al. 2013).
For the SCQ, forms are either handed directly to the respondents at the time of 
interview or mailed out after the interview is completed. Completed SCQ forms are 
collected by the interviewers themselves or the respondents are instructed to return 
them by post in a pre-paid envelope (Wooden, Freidin & Watson 2002). All the 
questionnaires in HILDA survey including SCQ are provided only in the English 
language. Language difficulties between the interviewer and the respondent are most 
often resolved by another household member acting as an interpreter. Few interviews 
are conducted in the presence of a professional interpreter (Summerfield et al. 2013).
65
Generally, interviews are performed annually with the survey participants, between 
August and February. Between wave one and eight, a private research institute called 
‘The Nielsen Company’ was responsible for data collection. However, from wave nine 
onwards, a private company called ‘Roy Morgan Research’ has undertaken data 
collection for this survey. By the end of 2015, fifteen waves of data have been 
collected.
3.2.4 Study population (sample) in HILDA survey
The HILDA study population is all people residing in private dwellings in Australia. 
Diplomatic personnel of overseas governments, overseas residents (person who have 
stayed or intended to stay in Australia for less than one year), members of non-
Australian defence forces (and their dependents) posted in Australia, residents of 
institutions (such as hospitals, prisons, rehabilitation institutions, and hotels), and 
people living in the most remote and sparsely populated parts of Australia were 
excluded from the survey. All individuals from the selected households were 
considered as members of the HILDA sample. A multi-person household was defined 
as a group of people who lived together at least fifty per cent of the time. Individual 
interviews were only performed with people aged 15 years and older. However, 
household members of the HILDA survey who turned 15 at the time of interview in 
subsequent waves were also interviewed (Wilkins et al. 2011). Dwellings that were 
not primary places of residence (for example, holiday homes) were also excluded to 
ensure everyone in the sample had an equal probability of selection. In subsequent 
survey waves, original sample members were followed to wherever they moved, 
including into institutions. But sample members were not followed if they become part 
of the prison population or moved overseas (Wooden, Freidin & Watson 2002).
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3.2.5 Sample attrition and missing data
Attrition is a major concern in longitudinal data analysis because it potentially 
introduces selection bias. Moreover, participants who have poor health and are from 
lower socioeconomic status are known to more frequently withdraw or drop-out from 
panel studies, so the sample left behind for the consequent waves is healthier and more 
advantaged (Contoyannis, Jones & Rice 2004; Jones, Koolman & Rice 2006; Young, 
Powers & Bell 2006). Attrition also reduces the sample size and results in lower 
precision of survey estimates (Bowling 2002). Attrition includes drop-out, non-
response, and withdrawal or refusal of the participants to be interviewed in the survey. 
Other reasons for attrition includes inability to locate, death and permanent or 
temporary movement to another country (Jones, Koolman & Rice 2006). Non-random, 
rather than random attrition, is a serious concern in longitudinal studies because it can 
introduce selection or attrition bias (Frees 2004; Molenberghs, Kenward & Lesaffre 
1997). Selection bias can occur when the characteristics of the sample differ from those 
of the target population (Bowling 2002). Non-random attrition occurs if the study 
participants drop-outs from the panel due to factors that are related to either the 
exposure, outcome or both. Whereas, random attrition occurs when the drop-out is 
completely random and is unrelated to the exposure or outcome (Molenberghs, 
Kenward & Lesaffre 1997). For instance, if the association of nativity and smoking 
behaviour is systematically different among those who attrited from HILDA survey 
compared to those who remained, estimates of the association may be biased as they 
are only based on respondents who remained in the survey. 
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Attrition in the HILDA survey is non-random (Summerfield et al. 2013), and the 
overall attrition is higher among people who were:
Young people (aged between 15 and 24 years)
Foreign-born people from NESC
Aboriginal and Torres Strait Islanders
Single
Unemployed &
Working in low-skilled occupations
Attrition in household-based longitudinal surveys is generally higher in the initial few 
waves and declines overtime. For example, the net attrition was 13.2 %, 9.6 % and 8.4 
% for the first 3 waves of HILDA survey, then subsequently decreased to 3-5% in later 
waves (Summerfield et al. 2013). Initially, the total number of households identified 
as in-scope for the HILDA survey were 11,693. However, interviews were only 
completed from eligible members (persons aged 15 and over) of 6,872 households and 
with at least one eligible member of a further 810 households. Within the 7,682 
households interviewed in wave 1, there were 19,917 respondents. Out of these, 4,787 
were aged below 15 years on the preceding 30 June 2001 so they were excluded from 
interview. A final sample of 15,127 adults were eligible for interview but only 13,969 
adults were successfully interviewed at wave 1. The initial household response rate in 
the HILDA survey was 66 %, slightly higher than the BHPS (65%) (Lambert 2006),
but lower than SoFIE (77%) (Carter et al. 2010). Only 56.7% wave 1 respondents were 
re-interviewed in all the 12 waves of HILDA survey (Summerfield et al. 2013).
Missing information for individuals is basically unavoidable in longitudinal surveys, 
and can result in biased estimates and a loss of statistical power (Engels & Diehr 2003).
Participants who refuse an interview or do not give an answer to a particular question 
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can show systematic differences from the rest of the study sample. If the missing data 
are not missing at random (non-random missing), ignoring missing values is not 
appropriate because it may introduce bias (Little 1988). Missing data in the HILDA 
survey are categorized into three distinct groups: (i) unit non-response; (ii) item non-
response; and (iii) wave non-response. Unit non-response arises when responses to 
entire questionnaires are missing because of noncontact or opting not to participate in 
the interview. Item non-response occurs when an interview is conducted but responses 
to particular questions are missing, either because the respondent does not know the 
answer or opted not to provide one. Finally, wave non-response occurs when an 
individual (or household) fails to provide an interview for that particular wave of the 
survey (Hayes & Watson 2010; Little 1988).
In the HILDA survey, missing data due to non-response in the HF, HQ and PQs is less 
than 2 per cent overall. However, missingness is higher (2.5 to 2.8%) for the SCQ. 
Annual income is missing for 22 to 29% of households (Summerfield et al. 2013).
Income, wealth, age and employment status are the key variables that have been 
imputed in the HILDA survey. Imputation aims to correct for the differences in the 
study sample and improves the usefulness of the data when missingness is non-random 
(Engels & Diehr 2003). The nearest neighbour regression method and the Little and 
Su method were the primary imputation methods used in the HILDA survey (Hayes & 
Watson 2010; Little 1988). The nearest neighbour regression technique imputes 
missing values based on predicted values from a cross-sectional regression model 
(Little 1988). The Little and Su method imputes missing values by calculating trends 
and individual level values based on data reported across multiple waves for 
respondents with complete data (Little & Su 1989).
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Further imputation on exposure or outcome variables for the sample used in this study 
has not been attempted. As the total number of responses (observations) is more than 
a hundred thousand, missing data of approximately 10 % would not have made any 
significant difference in the results, unless there is a huge difference in exposure-
outcome relationship amongst those lost to follow-up. Moreover, I have also controlled 
for the number of times a person responded out of the total waves and wave of last 
response (explained below in the variable section) to reduce the health selection bias 
due to non-response.
3.3 Longitudinal data used for this thesis
The data used in this study is an unbalanced panel of individuals aged 15 or over from 
the first twelve waves (waves 1 to 12) of the HILDA survey. An unbalanced panel uses 
all information collected from the respondents, and thus has the advantage of a larger 
sample size compared with a balanced panel. The main reason to choose the 
conditional unbalanced panel was to make better use of the collected information and 
to minimise selection bias. A balanced panel is disadvantaged by reduced sample size 
and the higher possibility of attrition bias for non-random missing observations (Hsiao 
2003). For instance, an unbalanced panel of twelve years of HILDA data would 
include respondents who stayed for first six years then dropped out, or missed a few 
years, whereas a balanced panel would exclude these respondents.
To ensure multiple observations for each individuals, the unbalanced panel used in this 
study, including only those individuals who responded in wave 1 and in at least one 
more wave between waves 2 to 12. The individuals who had only one observation were 
excluded because they do not have within-person change. 
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The flowchart in Figure 6 shows the conditional unbalanced panel data used in this 
study and the flow (re-interview number and their percent) of wave 1 respondents in 
the subsequent waves. As shown in Figure 6, this study uses longitudinal data on
12,634 individuals aged 15 years and above, who responded in wave 1 and in at least 
in one more wave between waves 2 to 12. This total number excludes two respondents 
for whom country of birth was missing. Overall, this study uses a total of 121,389 
person-year responses from the 12,634 respondents. Figure 6 also shows that the re-
interview percentage declined over the waves for all the respondents, but the decline 
was more pronounced for immigrants from NESC as compared to immigrants from 
ESC or NB Australians.
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Figure 6: Flow (number and percent) of wave 1 (2001) respondents in the subsequent waves 2 to 12 (2002-2012) 
of HILDA.
Waves                                             Study respondents (aged 15 & over)        % re-interviewed in subsequent waves
Wave 1^                                                                                                                   
Wave 2                                                                  
Wave 3                              
Wave 4                               
                     
Wave 5                           
         
                   
Wave 6           
                             
Wave 7                        
                             
Wave 8                                                                                 
                                
Wave 9                                           
Wave 10                                          
                          
Wave 11            
Wave 12
Total number of responses                                                                                      
between waves 1-12                                                                                                           
                                                                                    
Notes: ^ denotes the total number of individuals who responded in wave 1 and in at least in one more wave between waves 2 to 12. It also excludes 
two people for whom country of birth is missing. N= total study respondents (wave 1) at each wave.
Nativity status is defined as NB (native-born) Australians and FB (foreign-born) from English speaking countries (ESC) and non-English speaking 






























































































3.4 Description of study variables
This section describes the outcome, exposure or the explanatory variables used for this 
study. First, it describes outcome variables which are obtained from the self-reported 
questions asked in the HILDA survey. Then, time-varying and time-invariant 
explanatory variables including the main exposure variables used for this study are 
outlined. Most of the variables in this study directly correspond to a question asked in 
the HILDA survey but some are derived as per requirements and to address the 
research questions. Variables used in this study have been consistently measured in 
waves between 2001 and 2012. A full list of study variables and their definitions used 
in HILDA survey are provided in Appendix II.
3.4.1 Outcome variables
The key health behaviours used as outcome variables in this thesis include tobacco 
smoking, physical activity and alcohol consumption. Each of these three health 
behaviours are based on the self-completion questionnaire (SCQ) of the HILDA 
survey. For the purposes of the statistical analysis, all three outcomes were 
dichotomised as binary variables. Binary outcome variables were chosen for 
regression analysis in this thesis as they have been consistently used in several earlier 
studies that have analysed these health behaviour among immigrants (Abraido-Lanza, 
Chao & Florez 2005; Acevedo-Garcia et al. 2005; Afable-Munsuz et al. 2010; Agic et 
al. 2015; Evenson, Sarmiento & Ayala 2004; Kimbro 2009; Li & Wen 2015; Newbold 
& Neligan 2012). Although continuous variables are more sensitive to behavioural 
changes, health behaviour guidelines are currently represented as binary variables 
based upon specific health recommendations. Therefore, to assess what proportion of 
foreign-born (FB from ESC and NESC) and native-born (NB) Australians reported 
healthy/unhealthy behaviours, binary variables were employed for the regression 
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analysis. Moreover, binary outcome variables were used due to limited cell sizes for 
some of the categories of outcome variables (e.g., ex-smokers and never drinkers). 
Though the main focus of this study is on the current status of health behaviours 
(binary outcomes), for some of the descriptive analysis, I have used three-category 
variables to explore the magnitude of the all the possible categories of the considered 
outcome variables. This has been explained below in each of the outcome variable 
sections.
3.4.1.1 Smoking behaviour
Information on cigarettes or tobacco smoking status was collected as part of the self-
completion questionnaire included in all waves. Respondents were asked: ‘Do you 
smoke cigarettes or any other tobacco products?’ As shown in Appendix II, the 
response categories for this variable were different in wave 1 from other waves. In 
wave 1, there were three possible responses: “No, I have never smoked”, “No, I have 
given up smoking”, and “Yes”. From wave 2 onwards the following five response 
categories were included: “No, I have never smoked”, “No, I no longer smoke”, “Yes, 
I smoke daily”, “Yes, I smoke at least weekly (but not daily)”, and “Yes, I smoke less 
often than weekly”. For the regression analysis, these above responses were combined 
to create a binary variable having the categories non-current smokers (combining 
never smokers and ex-smoker categories) and current smokers (where the response 
was any of the “yes”). The focus on current smoking status used in this thesis as an 
indicator of smoking prevalence is consistent with earlier studies among immigrants 
(Abraido-Lanza, Chao & Florez 2005; Acevedo-Garcia et al. 2005). However, a 
smoking status variable consisting of three categories; (never smokers, ex-smoker and 
current smokers) was used for the descriptive analysis (used in Chapter 4), to 
determine its bivariate associations with sex and age.
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3.4.1.2 Physical activity
The self-administered question used in all waves of HILDA to collect information 
about the frequency of moderate or vigorous physical activity (MVPA) is: ‘In general 
how often do you participate in moderate or intense physical activity for at least 30 
min? Moderate physical activity will cause a slight increase in breathing and heart 
rate such as brisk walking.’ The possible six responses are: “not at all”, “less than 
once a week”, “1-2 times a week”, “3 times a week”, “more than three times a week 
(but not every day)”, and “every day”. The construction of the physical activity 
question used in HILDA survey is the same as that for the Australian 1995 National 
Health and Attrition Survey (Australian Bureau of Statistics 1996). For the regression 
analysis, a binary variable that equals one if the participants had engaged in the 
recommended level of physical activity (defined as being physically active for more 
than three times a week, and henceforth referred as “physically active”), and zero if 
not physically active (either not engaged in any type of physical activities or engaged 
in less than the recommended level of physical activities) was created. However, a 
three-category physical activity variable-not participating in any types of physical 
activities, insufficient physical activities (less than three times a week), and those who 
had sufficient physical activities (more than three times a week or every day) was used 
for the descriptive analysis (used in Chapter 4), to determine its bivariate associations 
with sex and age.
The grouping of physical activity in this study is based on the National Physical 
Activity Guidelines for Australian adults (Australian Institute of Health and Welfare 
2012) and is also close to the recommended guidelines of World Health Organisation 
(World Health Organization 2010).
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In order to reduce the risk of chronic health problems such as cardiovascular disease, 
type 2 diabetes, anxiety, depression, musculoskeletal problems, cancers, and obesity, 
the Australian National Physical Activity Guidelines recommends at least 30 minutes 
of moderate-intensity physical activity on most and, preferably all days for adults.
Additional regular vigorous activities such as playing football, volleyball and jogging 
are also recommended for extra health and fitness benefits (Australian Institute of 
Health and Welfare 2012). Similar categorisations have been used in other empirical 
research utilising the HILDA survey data (Angrave, Charlwood & Wooden 2015; 
Perales et al. 2014).
3.4.1.3 Alcohol consumption
Alcohol consumption is measured in terms of its frequency and amount of alcohol 
consumed. Frequency is measured as the number of days alcohol is consumed in a 
week, while the amount of drinking is measured by the number of standard drinks in a 
day. As part of the self-completion questionnaire included in all the waves of HILDA 
survey, respondents were asked two questions; (i) ‘how often do you drink alcohol?’
and (ii) ‘on a day that you have an alcoholic drink, how many standard drinks do you 
usually have?’. The details for the alcohol consumption question asked in HILDA 
survey and the possible responses are provided in Appendix II.
Alcohol drinking measures used in this study are based on the 2009 National Health 
and Medical Research Council (NHMRC) guidelines regarding potential harms 
associated with alcohol consumption (National Health and Medical Research Council 
2009). The NHMRC has two guidelines for health risks associated with alcohol 
consumption. For healthy adults (both men and women), it is recommended that: (i) 
no more than two standard drinks are consumed on any day in order to reduce the risk 
of alcohol related harm over a lifetime; or (ii) not to exceed four standard drinks on 
76
any single occasion to minimise the risk of alcohol related injury (National Health and 
Medical Research Council 2009). However, data on single occasion alcohol 
consumption is not provided in all the waves of HILDA survey. Therefore, this thesis 
only uses the lifetime risk of alcohol consumption as an outcome measure. Moreover, 
the HILDA survey uses an adapted NHMRC standard drinks guidelines which defines 
a standard drink as a small glass (100mL) of wine, a 285ml glass of regular beer, a nip 
(30mL) of spirits, or mixed drink. 
Based on the 2009 NHMRC lifetime risky drinking guidelines, a binary variable was 
created with categories: risky drinkers (defined as those who had more than two 
standard alcoholic drinks on a day) and safe drinkers (combining never drinkers and 
respondents those who had less than or equal to two standard alcoholic drinks on a 
day). However, an alcohol consumption status variable consisting of three categories: 
never drinkers, non-risky drinkers and risky drinkers was used for the descriptive 
analysis (Chapter 4), to determine its bivariate associations with sex and age. 
3.4.2 Exposure variables
The two main exposures used in this study are the time-invariant variables nativity 
status and duration of residence (DoR) at wave one. Nativity status/country of birth 
was determined from the following question: ‘In what country were you born?’. 
Nativity status was based on country of birth (CoB) and divided into three broad 
categories: (i) native-born (NB) Australians, (ii) foreign-born (FB) respondents from 
English speaking countries (ESC), and (iii) foreign-born (FB) respondents from non-
English speaking countries (NESC), as shown in Figure 7. Immigrants who were born 
in the United Kingdom, United States of America, New Zealand, Canada, Ireland, and 
South Africa are included in the ESC category.
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Other immigrants are included in the NESC category. Countries of birth categories in 
HILDA survey were based on the Australian Bureau of Statistics (ABS) classification 
(Australian Bureau of Statistics 1998). The categorisation of nativity status (NB, ESC 
and NESC) was chosen to: (1) ensure sufficient sample size and consistency with 
earlier work; (2) reflect the cultural similarities between immigrants from ESC and the 
host country. Of the 12,634 respondents included in this study, 9,563 (75.7%) were 
NB Australians, 1,360 (10.8%) were FB from ESC and 1,711 (13.5%) from NESC. 
Out of the 1,360 FB respondents from ESC, the majority were from the United 
Kingdom (67.0%) and New Zealand (19.5%), and the remaining 13.5% were born in 
South Africa, Ireland, USA, and Canada. Of the 1,711 FB from NESC, respondents 
were from Italy (6.7%), Germany (6.2%), Vietnam (6.0%), the Philippines (5.7%), the 
Netherlands (5.4%), China (3.9%), and India (3.7%), and the remaining 62.4% were 
from other NESC. Appendix III provides detailed information on frequencies and 
percentages of the study sample by country of birth. It can also be seen from the 
Appendix III, that the average number of responses or observations between waves 1 
to 12 is lower among FB from NESC (8.9) as compared to FB from ESC (9.5) and NB 
respondents (9.6), as expected given lower re-interviewing rates shown in Figure 6.
The duration of residence (DoR) in Australia was derived from responses to the open-
ended question asked in HILDA survey: ‘In what year did you first come to Australia 
to live for 6 months or more (even if you have spent time abroad since)?’. As shown 
in Figure 7, duration of residence at wave 1 was calculated as the year of survey minus 
the year of arrival for each immigrant and is divided into three categories: “less than 
10 years”, “10 to 19 years”, and “more than or equal to 20 years”. For the regression 
analysis of DoR effect of immigrants on outcomes, DoR categories were combined 
with nativity (CoB) groups as described below in Figure 7. Therefore, the main 
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exposure variable for the DoR analysis had these categories: “ESC; DoR < 10 years”, 
“ESC; DoR 10-
DoR 10- The cut-
points for DoR were chosen for two reasons: (i) to be consistent with the empirical 
evidence suggesting that health and health behaviour assimilation in the host country 
starts between 10 - 20 years of residence in the host countries (Gee, Kobayashi & Prus 
2004; Guo et al. 2015; Jatrana, Pasupuleti & Richardson 2014; Kuerban 2016;
McDonald 2005; Pasupuleti, Jatrana & Richardson 2015); and (ii) to ensure sufficient 
statistical power and reduce estimates of uncertainty.




































Age at arrival (AA) (i.e., the age at which immigrant came to live in Australia), was 
calculated by subtracting DoR at wave 1 from age of the immigrant at wave 1. To be 
consistent with earlier research, AA has been categorised into three groups to 
differentiate between early and late exposure to the host country’s culture while 
ensuring sufficient statistical power (Li & Wen 2015; Rumbaut 2004; Takeuchi et al. 
2007): “less than 18 years”, “18 to 34 years”, and “more than or equal to 35 years”. 
Additionally, AA categories were combined with the nativity status (CoB) and 
duration of residence (DoR) variables described above to be considered as potential 
moderators for their effects on health behaviours. A moderator is a third variable that 
affects/modifies the associations of exposure and outcome variables. If the effect of X 
(exposure) on Y (outcome) changes with the values/levels of another variable Z then 
Z is called as moderator (Bauman et al. 2002b; Kraemer et al. 2001). For instance, for 
the association between nativity status as an exposure (X) and smoking behaviour as 
an outcome (Y), age at arrival in Australia (Z) can act as a moderator and its 
moderating effect has been tested in this thesis. Therefore, the exposure variable for 
the CoB/AA analysis had these categories: “ESC; AA <18”, “ESC; AA 18-34”, “ESC; 
A <18”, “NESC; AA 18-
(reference group)”. Similarly, another exposure variable for the DoR/AA analysis had 
the following categories: “DoR < 10; AA <18”, “DoR < 10; AA 18-34”, “DoR < 10; 




3.4.3 Time-invariant and time-varying covariates or explanatory variables
Most of the covariates or explanatory variables in this study are based on the Person 
Questionnaire (PQ), with a few derived from Household Form (HF) of the HILDA 
survey. Covariates are based on demographic, socioeconomic status and social 
support/membership status of the respondents. The covariates included in this study 
can be broadly divided into two categories; time-invariant and time-varying variables. 
Time-invariant variables include sex, age at wave 1, and number of times a person 
responded between waves 1 and 12. Marital status, level of education, employment 
status, English language proficiency, household equivalised income, social 
participation, social club membership and wave (time) are the time-varying variables. 
Time-invariant variables can be termed between-person exposure variables as they 
only change between respondents and not within a respondent over time. However, 
time-varying variables can vary between and within a person. For example, income 
can vary between and within people. Mean income over time does not vary within 
people, from one wave to other, but can vary between people. Therefore, mean income 
over the time represents a between person component of variability. On the other hand, 
a person’s income can change or deviate from the mean income from one wave to 
another. Therefore, income is a subset of within-person variability as it varies within 
a person over time. To determine the effect of time-varying factors on the outcomes, 
this thesis modelled both within- and between-person exposure components of these 
variables using regression analysis.
3.4.3.1 Time-invariant control covariates (sex and age)
Sex and age at wave one (henceforth referred as ‘age’) of the respondents were time-
invariant control variables. Each respondent’s sex (male/female) is not expected to 
change over time and is recorded in the household form (HF), verified during their 
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initial response to the personal questionnaire, further corrected and confirmed with 
individuals at subsequent waves so that sex of the respondents is the same at all the 
waves. Similarly, age is also considered as a time-invariant control variable in this 
study. Although it changes at each wave, it changes at the same rate as wave (annually) 
so it is not treated as a time-varying variable. Therefore, given the age heterogeneity 
of the sample, all analysis controlled for age of the respondents at wave one, which is 
derived from the following question: ‘What is your date of birth?’. If the respondent 
provides a correction to the date of birth listed on the household forms in each wave, 
this correction was applied back through the previous waves of HILDA survey. In this 
study, age was further recoded into four groups: “15-29 years”, “30-44 years”, “45-59 
years”, and “60+ years”. The cut point for the age groups was chosen to account for 
respondents’ life-stages (early adulthood, middle adulthood (early-middle and late-
middle) and late adulthood) of relevance to adopting/maintaining health behaviours, 
whilst also ensuring sufficient statistical power.
3.4.3.2 Study design related control variables
Wave number (time) and the number of times a person responded between waves 1 
and 12 were also included in all regression models of this study. To account for the 
effect of time, wave was included as a (continuous) covariate in all regression analysis 
models. Moreover, as the number of responses differ between respondent (as this study 
uses a conditional unbalanced panel), regression results would be biased if the 
association between the exposure and outcome is different for those who stay or 
participate in the study and those eligible respondents who refuse to participate or
drop-outs from the study. Moreover, it could also be possible that people who 
responded at more waves have different behaviour (e.g., better health behaviours) than 
others. Therefore, to reduce this possible selection bias, the number of times a person 
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responded was also included in all of the regression models. Additionally, this study 
also performed separate sensitivity analysis for all the regression models to account 
for attrition bias by controlling either the variable “the last wave a person responded” 
or the binary form of a this variable (‘zero’ if attrited between waves 2-6 or ‘one’ if 
attrited between waves 7-12) instead of the variable “number of times a person 
responded between 1-12” (Becketti et al. 1988). No changes in the conclusions of any 
models were found following inclusion of these attrition-related variables (data shown 
as Appendix IV, V and VI).
3.4.3.3 Time-varying explanatory or mediating variables
English language proficiency, socioeconomic status (SES) factors (marital status, level
of education, employment status, and household equivalised income), and social 
support (social participation and social club membership) were the time-varying 
control variables used in the regression analysis. Since these time-varying variables 
might also mediate the relation between the main exposures and outcomes, models that 
included and excluded these variables were fitted (Hafeman 2009; Jatrana, Pasupuleti 
& Richardson 2014).
3.4.3.3.1 English language proficiency (ELP)
Regardless of the country of birth, respondents in HILDA survey were asked whether 
English is the only language spoken at home or someone speaks language other than 
English at home. Where a language other than English was also spoken at home, they 
were further asked: ‘How well would you say you speak English?’, and the possible 
responses were: “very well”, “well”, “not well”, and “not at all”. Based on the above 
questions, this study has further recoded English language proficiency (ELP) into three 
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categories: proficient (respondents who speaks only English language at home), very 
well/well and not well/not at all.
3.4.3.3.2 Socioeconomic status (SES)
The following four indicators of socioeconomic status (SES) were used as mediating 
variables in this study. The definition of SES used in the HILDA survey aligns closely 
with the concepts and definitions of Australian Bureau of Statistics (ABS).
Marital status
The respondents’ current marital status at each wave indicated whether they were 
legally married, de facto, separated, divorced, widowed or never married and not in de 
facto relationship. For this present study, I have categorised marital status into three 
categories: never married/not in de facto, married/in de facto and 
separated/divorced/widowed.
Level of education
HILDA collects information on level of qualifications that participants have attained 
at each wave. The highest attained qualification across the twelve waves is used as the 
education level for each participant. Thus, the education status is categorized into the 
following four groups: less than12 years of schooling, exactly 12 year of schooling,
diploma level and university level.
Employment status
Employment or labour force status is a time-varying variable, asked at each wave of 
HILDA survey. Employment status was broadly categorized as employed, 
unemployed, and not active in the labour force. These broad categories of employment 
status were provides as a derived variables in HILDA datasets, which are based on the 




Information about income was asked to all adults in HILDA survey at every wave, so 
that both personal and household income could be derived. This thesis has used annual 
household income, which was derived from personal income data, and was the total 
income received by all adult (aged 15 years and over) individuals within a household 
over the financial year. Household disposable income is preferred over personal 
income as it is normally distributed across all individuals in a household (Atkinson 
1992; Benzeval, Judge & Shouls 2001). Moreover, household income was also 
equivalised, which accounts for the fact that the same level of income can mean 
different things to different types of households. For instance, a four-person household 
would require more income to maintain the same standard of living as a single person 
household. Thus, regardless of each individual earning capacity, equivalisation of 
income reflects the access to monetary resources for all members in a household.
To adjust household income measures by the size of the household, the Organisation 
of Economic Co-operation and Development (OECD) modified equivalence scale has 
been used in this study (Hagenaars, de Vos & Zaidi 1994). The equivalence scale 
allows 1.0 score for the first adult in the household, 0.5 for other adults and 0.3 for 
children under 15 and then summing the equivalence scores of all household members. 
Thus, equivalised income is calculated by dividing household disposable income 
(income after taxes and transfers) by the equivalence score for the household. It is 
formulated as: 
Household equivalised disposable income = _hifdi (financial year disposable income)
1+0.5 × (number of adults-1) + 0.3 × number of 
children
where:
• ‘Number of children’ corresponds to the count of resident and non-resident persons 
belonging to a household that are aged less than 15 years old.
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• ‘Number of adults’ corresponds to the number persons in a household minus the 
‘number of children’.
• _hifdi (financial year disposable income) is household financial year disposable 
regular income (positive values) minus household financial year disposable regular 
income (negative values).
For the descriptive analysis, household equivalised income as a time-varying covariate 
was divided into four categories, (in AUS $): less than 20,000; between 20,000 and 
40,000; between 40,000 and 60,000; and greater than 60,000. However, household 
equivalised income was used as a continuous variable, scaled by $1000, for the 
transition probability table and regression analysis. 
3.4.3.3.3 Social support variables
The following two indicators of social support variables were used as a mediating 
variables in this thesis.
Social participation and social club membership
There is also a measure of the behavioural aspect of social support questionnaire 
included in all waves of HILDA survey, which asks: ‘In general, about how often do 
you get together socially with friends or relatives not living with you?’. Responses 
were coded as “less than once a month”, “once or more than once a month”, and “once 
or more than once a week”. Another measure of social support included in this thesis 
is whether the respondents reported he or she was an “active member of a sporting, 
hobby or community-based club or association”.
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3.5 Data analysis
This section provides a detailed description of statistical methods used in this thesis to 
address the study research questions. This study uses both descriptive as well as 
multivariate analyses to investigate the role of nativity, duration of residence and 
moderating role of age at arrival on health behaviours. The analysis has been carried 
out in a sequence of increasing model complexity. The focus of this section is on the 
overview of descriptive analyses and the rationale for choosing the regression 
methods. In particular, this section illustrates and explains the regression models used
in Chapters 5, 6 and 7. Simpler methods of analyses such as cross-tabular analyses and 
transition tables (presented in Chapter 4) are also discussed.
3.5.1 Descriptive and stratified analysis
Descriptive characteristics of the respondents at the baseline (wave 1), including the 
demographic and socioeconomic variables, are reported by nativity status. Frequencies 
and percentages were reported for all the categorical variables such as sex, age groups, 
English language proficiency, marital status, employment status, education status, 
household equivalised disposable income, social participation, social club membership 
and migration- related factors (categories of age at arrival and duration of residence in 
Australia). Mean, median and standard deviations (SD) were calculated and reported 
for continuous variables (age, age at arrival, duration of residence, and household 
equivalised income). The purpose of doing this basic descriptive analysis was to 
inspect the distribution, magnitude and direction of each outcome and explanatory 
variable used in this thesis.
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After a thorough investigation of the baseline characteristics of the aforementioned 
variables, bivariate associations between the outcome variables and potential 
explanatory variables identified earlier were examined. Cross-tabular analyses were 
used to identify simple bivariate associations between nativity status, health 
behaviours and explanatory variables. Chi-square tests were performed to determine 
significance differences for the bivariate associations between (i) nativity status and 
background characteristics, (ii) health behaviours (smoking, physical activity and 
alcohol consumption) and demographic variables (age and sex) and (iii) transitions in 
time-varying explanatory variables and health behaviours.
3.5.2 Analysis for transitions of time-varying explanatory and outcome 
variables
Transition probabilities for three outcome variables (tobacco smoking, physical 
activity and alcohol consumption) and time-varying explanatory covariates (English 
language proficiency, marital status, employment status, education status, household 
equivalised disposable income, social participation, and social club membership) were 
computed to find the proportion of HILDA respondents that have experienced change 
in their status or remained static with respect to these variables, between successive 
waves (1 to 12). The amount of change in these variables is critical for the application 
of regression models in the subsequent chapters. Transition matrices determines the 
degree of mobility in states over time to show how many respondents move from one 
state to another and how many remained in the same state (Hauck & Rice 2004)
between waves. In this way, a descriptive analysis of transition status allowed better 
understanding of the dynamic mechanisms of health behaviours and other time-
varying SES and social support factors considered in this thesis.
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Transition of time-varying variables were further explored using a descriptive cross-
tabular analysis, by investigating the associations between changes in time-varying 
explanatory variables and changes in outcome variables. This was performed first by 
recoding the values of original variables to a new variable which included all the 
possible combination of changes. For example, the smoking status (current vs non-
current smokers) was further recoded as a new variable which had the following 
transition combinations: non-current to current smokers (NS-CS); current to non-
current smokers (CS-NS); remained non-current smokers (RNS); and remained current 
smokers (RCS).
3.5.3 Regression models used for statistical analysis
The trends in prevalence of all three health behaviours by nativity, DoR and AA across 
all waves are observed as graphs detailed in the respective chapters (chapters 5, 6 and 
7). While preparing the graphs, smoothed lines were fitted to the data using a cubic 
spline. After exploring trends in health behaviours through plotted graphs, this study 
proceeded to investigate the effect of nativity/DoR on the outcome variables and the 
moderating role of AA for the exposure-outcome relationships by using multilevel 
group-mean-centred mixed (‘hybrid’) logistic regression models (described in details 
below).
Analytical methods capable of using longitudinal data for causal inferences are still 
being developed. For example, there is a growing econometric and biostatistical 
literature on longitudinal applications of fixed effects models, random effects models, 
transition (time-dependent) regression models, and structural equation models 
(SEMs). In general terms, these approaches can deal (to varying degrees) with the 
complexities of longitudinal datasets, e.g., confounding (correlated individual 
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measurements), and various endogeneity biases such as unobserved individual effects, 
reciprocal and lagged effects. However, these methods have some limitations. For 
instance, though SEMs allow estimation of reciprocal and lagged effects, they are 
restricted in the assumptions of variables (outcome variables need to be continuous) 
and difficulties in testing interactions (Tu 2009). Moreover, SEMs ignore the problem 
of confounding while assessing of direct and indirect effects (VanderWeele 2012).
Commonly used subject-specific multilevel regression models for longitudinal data in 
the field of public health and epidemiology include fixed effect (FE) and random 
effects (RE) models (Diez Roux 2002). Fixed effect models are a special type of 
longitudinal regression models aimed at tackling the problem of unobserved 
heterogeneity or omitted variable bias (Allison 2005; Wooldridge 2010). Unobserved 
heterogeneity is a type of unmeasured confounding (Wooldridge 2009) and FE models 
reduces this bias by controlling all the stable characteristics (both observed and 
unobserved time-invariant confounding variables) in the form of controlling individual 
effects (Allison 2005; Gunasekara et al. 2014).
Though there are advantages of applying a FE model to longitudinal data, there are 
several limitations and disadvantages with the model. First, fixed effects methods are 
only beneficial while investigating the effects of variables that have within-person 
variations, but this methods completely ignores between-person variations (Allison 
2005) and is also invalid when the assumption of strict exogeneity does not hold 
(Wooldridge 2010). By ignoring between-person variability, the standard errors 
obtained from FE models can be increased, leading to less precise effect estimates. 
Second, FE models have a major disadvantage of being unable to provide estimates 
for the effect of time-invariant variables, such as nativity, age and sex (Allison 2005).
Random effects (RE) models can estimate both within-individual and between-
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individual effects, accounting for the correlation among repeated measures (Snijders 
& Bosker 2012). The basic assumption in RE model is that individual effect is 
independent of all the time-varying and time-invariant covariates in the regression 
model and the error term (Allison 2005).
The basic difference between random effects models and fixed effects models lies in 
whether individual effects are allowed to correlate with other explanatory variables in 
the model or not. In RE models, individual effects assume no correlation with other 
explanatory variables in the model (e.g., time-invariant personality traits and genetic 
characteristics are not related to employment status, income, etc.). However, FE 
models do not make such an assumption. Since it is likely that individual effects are 
correlated with one or more of the exposure variables included in the model, RE 
models provide biased estimates, while FE models give unbiased estimates. Moreover, 
RE models do not control for unmeasured, stable characteristics of the individuals 
(Allison 2005). Some earlier empirical studies have attempted to advance the literature 
on immigrants’ health by using random effects models across several waves of 
longitudinal data (Setia et al. 2009; Setia et al. 2011, 2012). However, the results from 
these studies can be significantly biased since they do not account for unmeasured 
confounding or mediation.
Considering all the limitations of the regression methods explained above, this thesis 
has utilized multilevel group-mean-centred mixed (‘hybrid’) logistic regression 
models to investigate the association between nativity, duration of residence and health 
behaviours (Allison 2005; Jatrana, Pasupuleti & Richardson 2014). This model has the 
features of both fixed effects (FE) model and random effects (RE) model. Hybrid 
models decompose time-varying covariates into two parts, the first part representing 
within-person variation and the other representing between-person variation (Neuhaus 
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& Kalbfleisch 1998). Moreover, considering both within and between person effects 
helps explain observed and theoretical differences between mixed model analyses and 
those based on conditional likelihood methods (Berlin et al. 1999; Neuhaus & 
Kalbfleisch 1998). Therefore, hybrid methods can provide estimates for both within-
person and between-person exposure effects, as well as estimates for any time-
invariant exposures (Allison 2005). As hybrid models additionally controls for the 
effect of between-person variation (group means) of time-varying variables, these 
models provide better estimates for time-invariant exposure variables than those 
obtained from random effect (RE) models (Allison 2005; Desai & Begg 2008). The 
coefficient estimates produced by hybrid logistic regression models for within-person 
exposure effects of time-varying variables may not exactly match with those obtained 
from the fixed effect (FE) models, but are very close to them (Allison 2005). Since all 
of the main exposures, nativity status (NB, FB from ESC and NESC), DoR at wave 
one and AA as a moderator are time-invariant variables, hybrid models used in this 
study are more appropriate than other multilevel models (Allison 2005; Jatrana, 
Pasupuleti & Richardson 2014; Pasupuleti, Jatrana & Richardson 2015).
Empirical strategy for the regression models
The multi-level group-mean-centred mixed (hybrid) logistic regression models used 
in this thesis have the following form:
(1)
Where Pit is the probability of the ith respondent (i=1….n where n is sample size) in 
the tth wave (t=1 to 12) is a current smoker, is physically active, or risky drinker, 
depending upon the outcome considered in the regression model. i represents a
random effect to account for clustering at the individual level. represents 
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within person exposure of a time-varying variable Xit , is the corresponding person-
level mean (over time) of Xit. Zi is a vector of time-invariant covariates, and 1, 2 and 
are coefficient vectors. The effect of time is accounted for by including wave Xit.
The terms and Zi only change between people and remain constant within people.
The main exposures in this study (nativity status, duration of residence at wave one) 
are time-invariant variables, and an important question to consider when using hybrid 
or conventional mixed models in this situation is whether the assumption of no 
unmeasured confounding of the exposure-outcome relation is valid or not. Once 
migration has taken place, nativity is exogenous to the model, i.e., changes in other 
variables in the model cannot affect nativity and there can be no confounding of the 
relationship between nativity status and health behaviours. A confounder is a variable 
which is a predictor of the outcome, but is also associated with the exposure (Rothman, 
Greenland & Lash 2008). For instance, in the association between X (exposure) and Y 
(outcome), a third variable Z is known as a confounder if: (i) Z a risk factor for Y, (ii) 
Z is not in the causal path (mediator) between X and Y, and (iii) Z obscures the effect 
of X on Y, because of its association with both X and Y. The association between Z 
and X can be causal or non-causal (Weisberg 2010).
A mediating variable is any factor that is on the causal pathway between the exposure 
and outcome variable. Mediating variables causes variation in the outcome variable, 
and itself is caused to vary by the exposure variable (Kraemer et al. 2001). Mediators 
are also known as intermediate variables or path variables (Bauman et al. 2002b; 
Rothman, Greenland & Lash 2008). In this thesis, potential mediators of the exposure-
outcome relationship are identified. For instance, nativity could influence 




mediate the relation between nativity and health behaviours. Hence, in this study, 
English language proficiency, household equivalized income, employment status, 
marital status, level of education, social participation, and social club membership are 
considered as potential mediators of the nativity-health behaviour and DoR-health 
behaviour relationships. These possibilities were tested in this thesis by either 
including or excluding them as covariates in regression models (Hafeman 2009; 
Jatrana, Pasupuleti & Richardson 2014).
This thesis systematically investigated the role of various mediating factors in the 
relation between the main exposure(s) and outcome(s). In particular, four sequential 
models were used in this study. Model I controlled for age, sex, wave number, and 
number of times a person responded between waves 1 and 12, while estimating the 
association between exposures and health behaviours. Model II added English 
language proficiency to the covariates in Model I. Model III further added 
socioeconomic status (level of education, employment status, marital status, and 
household equivalised income) to the covariates in Model II. Finally, model IV added 
social participation and social club membership to the covariates in Model III. It is 
worth noting that the variables in Models II, III and IV are considered as possible 
mediators and were added only to test the potential mediating effect of these covariates 
in the associations between the main exposures (nativity and DoR) and health 
behaviours (tobacco smoking, physical activity and alcohol consumption).
All the statistical analyses were performed using Statistical Analysis System (SAS) 
version 9.4. All the regression results were presented and interpreted in the form of 
odds ratios (ORs) and their 95% confidence intervals (CIs). For each regression 
analysis, the ‘native-born (NB)’ category was considered as a reference or comparison 
group. To guard against possible inconsistency in the choice of covariance structure, 
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robust standard errors for parameters were computed using a sandwich estimator 
(Diggle et al. 2002; Liang & Zeger 1986; White 1980) by selecting the empirical 
option (‘empirical= classical’) while using the ‘GLIMMIX’ procedure in SAS. 
GLIMMIX procedure (PROC GLIMMIX) can fit a variety of statistical models 
(particularly regression models) to data with correlations and nonconstant variability, 
where the response is not necessarily a normally distributed variable. This procedure 
has been recommended to fit complex models (known as generalized linear mixed 
models (GLMM)) as it incorporates random effects in the model and so allows for 
subject-specific (conditional) and population-averaged (marginal) inference (Flom, 
McMahon & Pouget 2007; Zhu 2014).
3.6 Ethical consideration and approval
All of the data collected for HILDA survey are strictly confidential. Under the code of 
professional behaviour of the Australian Market and Social Research Society 
(AMSRS), the interviewer are not allowed to disclose any information about the 
respondents to the third party. In HILDA survey, parental or guardian consent was 
sought before interviewing persons under 18 years of age. None of the data includes 
personal identifiers, making it highly unlikely that it could be used to trace the identity 
of participants. Additionally, HILDA data users must agree to the terms and 
conditions, which includes not attempting to identify and disclose the personal identity 
of the participants. Therefore, the anonymous status of the participants has been 
respected for this secondary data analysis. As this research involves only the use of 
pre-existing, non-identifiable data, formal ethical approval is not required to conduct 
this secondary analysis of anonymous data. However, an approval for the exemption 
was obtained from the Deakin University Human Research Ethics Committee 
(DUHREC), approval number: 2013-118.
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3.7 Summary of research methodology
This methodology chapter has explained the study sample, variables and the statistical 
techniques used in this thesis. This thesis uses secondary data from the Household 
Income and Labour Dynamics in Australia (HILDA) survey, which is a longitudinal 
survey of Australian residents occupying private dwelling. The HILDA survey is one 
of the Australia’s largest nationally representative surveys, providing detailed 
information at the individual level on nativity status, duration of residence, age at 
migration and health behaviours. Sampling in the HILDA survey is conducted using a 
multi-stage sampling approach, and an initial 66% response rate was achieved. 
Information in the HILDA survey is collected from all household members’ aged 15 
years and older, regarding their employment status, economic and subjective 
wellbeing and health and family dynamics by using a face-to-face interview and a self-
completion questionnaire. The constructed data set used for this study is a conditional 
(the condition being the respondent must respond in wave 1 and at least in one more 
wave between waves 2 to 12) unbalanced panel data from waves 1-12 of the HILDA 
survey. All the descriptive and statistical methods used in this thesis are discussed in 
this chapter. The purpose of using these descriptive and statistical techniques is to 
address the research questions by understanding the trajectories of immigrant health 
behaviours in Australia. Since the main exposure variables, nativity status and duration 
of residence, and age at arrival as a moderating variable are time-invariant variables, 
multilevel group-mean-centred mixed (‘hybrid’) logistic regression models were used 
in this study as they can produce better estimates than the conventional mixed models. 
As discussed in this chapter, the choice of this regression model was motivated by the 
limitations of other multilevel models.
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CHAPTER 4: DESCRIPTIVE ANALYSIS
4.1 Introduction
This chapter presents the descriptive results of the study sample from the Household, 
Income and Labour Dynamics in Australia (HILDA) survey. Although analysis based 
on multilevel models is the major emphasis of this thesis, a brief exploration of cross-
sectional associations of variables at baseline (wave 1) and successive transitions of 
time-varying variables are reported based on a descriptive analysis. First, this chapter 
focuses on providing an overview of the background characteristics of the respondents 
at baseline (wave 1) through cross-tabulation analysis. Second, transition dynamics 
(over time changes) of the time-varying variables between waves 1-12 are 
investigated. Finally, this chapter also investigates how changes (transitions) in time-
varying explanatory variables are associated with changes (transitions) in outcome 
variables. The specific objectives of this chapter are as follows:
1. To report the background characteristics of the respondents at the baseline (wave 
1) of HILDA survey, segregated by either nativity status (CoB) or outcome 
variables (tobacco smoking, physical activity and alcohol consumption).
2. To report the transitions in successive waves (amount of changes) of the time-
varying variables (both outcome and explanatory variables).
3. To describe the associations between transitions (changes) in time-varying outcome 
variables with transitions changes in explanatory variables.
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4.2 Descriptive baseline results
4.2.1 Baseline (wave 1) socio-demographic characteristics of the study 
respondents
Background characteristics of the study respondents at baseline (wave 1), stratified by 
nativity status (CoB) are shown in Tables 1 and 2. Table 1 shows basic descriptive 
results for socio-demographic characteristics (in terms of frequencies and percentages) 
for all considered variables. While, Table 2 shows means, medians and standard 
deviations (SD) at baseline (wave 1) just for continuous variables. Overall, there were 
more female (52.8%) than male (47.2%) respondents in this study. Compared to NB 
Australians, FB people from ESC and NESC were generally older (Table 1). The mean 
age of NB respondents and FB from ESC and NESC are 42.4, 49.4 and 45.3 years, 
respectively (Table 2). Migration to Australia was most frequent during early 
adulthood (18-34 years of age) both for FB from NESC (49.1%) and ESC (45.5%). 
Mean age at arrival (AA) in Australia was 21.5 and 22.6 years respectively for FB 
from ESC and NESC (Table 2). Most FB respondents from ESC (67.0%) and NESC 
(48.2%) had more than twenty years of duration of residence (DoR) in Australia. Mean 
duration of residence (DoR) in Australia was higher among FB from ESC (27.9 years) 
than FB from NESC (22.8 years) (Table 2).
A higher proportion of FB people from ESC and NESC were either married or in a de-
facto relationship (73.8% for ESC and 70.0% for NESC), compared to NB respondents 
(61.5%). Percent having a university level of education was higher for FB groups 
(21.1% for ESC and 23.6% for NESC) than the NB (16.8%) group. Similarly, 
unemployment was higher among FB groups (4.3% for ESC and 5.4% for NESC) than 
among NB (3.9%). About 47.0% of FB from NESC were in the lowest household 
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and NB respectively (Table 1). The mean household equivalised income was lower 
among FB from NESC (24,781 AUD), than the NB (28,095 AUD) respondents and 
FB from ESC (30,250 AUD) (Table 2).
Foreign-born (FB) people from NESC were significantly less proficient in the English 
language than the FB from ESC and NB respondents. Social participation or 
engagement with relatives/friends was lower for FB groups than the NB group. For 
instance, 58.4% of FB from NESC and 61.7% of FB from ESC meet their 
relatives/friends less than once a week, while this figure was 64.6% among NB 
respondents. Approximately two-third (73.9%) of FB respondents from NESC were 
not active members of social clubs or community-based associations, compared with 
57.1% for NB and 61.2% for FB from ESC (Table 1). As expected given HILDA’s 
large sample size, all the Chi-square test results in Table 1 show statistically significant 
bivariate associations at the p < 0.05 level.
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Table 1: Baseline (wave 1) socio-demographic characteristics of the study respondents by nativity status (CoB).
Characteristics Overall Nativity status (CoB) Significance
(p-value)*NB FB
ESC NESC
n % n % n % n %
Time-invariant variables
Sex
Male 5967 47.2 4479 46.8 695 51.1 793 46.4 0.0095
Female 6667 52.8 5084 53.2 665 48.9 918 53.7
Age group (years)
15 - 29 3010 23.8 2534 26.5 150 11.0 326 19.1
30 - 44 4068 32.2 3104 32.5 419 30.8 545 31.9 <0.0001
45 - 59 3019 23.9 2136 22.3 415 30.5 468 27.4
60+ years 2536 20.1 1788 18.7 376 27.7 372 21.7
Age at arrival (FB only)
< 18 years 1119 8.9 531 39.2 588 34.6
18 - 34 years 1451 11.5 616 45.5 835 49.1
487 3.9 208 15.4 279 16.4
Duration of residence (FB only)
< 10 years 580 4.6 167 12.3 413 24.9
10 - 19 years 752 6.0 280 20.7 472 27.6
1732 13.7 909 67.0 823 48.2
Time-varying variables
Marital status
Never married/not in de facto 2841 22.5 2402 25.1 154 11.3 285 16.7
Married/in de facto 8079 64.0 5878 61.5 1003 73.8 1198 70.0 <0.0001
Separated/Divorced/Widowed 1704 13.5 1273 13.3 203 14.9 228 13.3
Level of education 
<12 years of schooling 5267 41.7 4219 44.1 472 34.7 576 33.7
Exactly 12 year of schooling 1828 14.5 1309 13.7 173 12.7 346 20.2 <0.0001
Diploma level 3239 25.7 2427 25.4 428 31.5 384 22.5
University level 2296 18.2 1605 16.8 287 21.1 404 23.6
Employment status
Employed 7773 61.5 6083 63.6 800 58.8 890 52.0
Unemployed 523 4.1 371 3.9 59 4.3 93 5.4 <0.0001
Not in labour force 4338 34.3 3109 32.5 501 36.8 728 42.6
Household equivalised income
4794 38.0 3518 36.8 476 35.0 800 46.8
(20,000 - 40,000] 5596 44.3 4328 45.3 584 42.9 684 40.0 <0.0001
(40,000 - 60,000] 1714 13.6 1343 14.0 207 15.2 164 9.6
> 60,000 530 4.2 374 3.9 93 6.8 63 3.7
English language proficiency
Proficient 11205 88.7 9314 97.4 1324 97.4 567 33.1
Very well / Well 1222 9.7 244 2.6 36 2.7 942 55.1 <0.0001
Not well / Not at all 204 1.6 2 0.0 0 0.0 202 11.8
Social participation/engagement
Less than once a month 1201 10.1 896 9.9 139 10.8 166 11.0
Once/more than once a month 3135 26.4 2319 25.5 355 27.6 461 30.6 <0.0001
Once / more than once a week 7544 63.5 5871 64.6 794 61.7 879 58.4
Social club membership
Yes 4790 40.4 3899 42.9 500 38.8 391 26.1 <0.0001
No 7078 59.6 5183 57.1 788 61.2 1107 73.9
Total sample size (unweighted) 12634 100 9563 75.7 1360 10.8 1711 13.5
Notes: i. Sum of the rows with respect to various characteristics may not equal to the total sample size because missing 
responses are not included. ii. Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) 
from English-speaking countries (ESC) and non-English speaking countries (NESC). iii. *Chi-square tests were performed 
to test any statistically significant associations between covariates (socio-demographic characteristics) and CoB groups.
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Table 2: Mean, Median and Standard deviations (SD) for continuous variables, at baseline (wave 1) for all 
respondents (overall) and separately for three nativity groups.
Variables (continuous) Sample size (n*) Mean Median
Standard 
Deviation (SD)
Overall (combined NB, FB from ESC and NESC)
Age 12633 43.6 42.0 17.5
Age at arrive (FB only) 3057 22.1 22.0 13.8
Duration of residence (FB only) 3064 25.1 24.0 16.1
Household equivalised income (AUD) 12634 27877.7 24374.7 20924.6
Native-born (NB)
Age 9562 42.4 40.0 17.7
Household equivalised income 9563 28094.5 24788.8 20932.8
FB from English speaking countries (ESC)
Age 1360 49.4 48.5 16.3
Age at arrive (FB only) 1355 21.5 22.0 14.3
Duration of residence (FB only) 1356 27.9 29.0 15.6
Household equivalised income (AUD) 1360 30249.8 25499.1 21563.0
FB from non-English speaking countries (NESC)
Age 1711 45.3 44.0 16.5
Age at arrive (FB only) 1702 22.6 22.5 13.3
Duration of residence (FB only) 1708 22.8 19.0 16.1
Household equivalised income (AUD) 1711 24781.0 20980.0 20014.1
Note: i. *total sample size includes only the number of non-missing values for each variable.
4.2.2 Cross-tabulation of sex and age with health behaviours (tobacco 
smoking, physical activity and alcohol consumption)
4.2.2.1 Smoking behaviour by sex and age
Table 3 shows the cross-tabulation of sex and age with smoking behaviour at wave 
one for all respondents (overall), and separately for three nativity groups. This table 
indicates that males are more likely to be current smokers than females, across all 
nativity groups. NB respondents and FB from ESC were more likely to be current 
smokers when their age was between 15 to 29 years. While, FB from NESC were more 
likely to be current smokers when their age was between 30 to 44 years. All the Chi-
square test results (p-value) in Table 3 shows statistically significant bivariate 
associations between demographic variables (sex and age) and smoking behaviour.
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Table 3: Smoking behaviour by demographic sex and age variables at wave one for all respondents (overall) 




Never smokers Ex-smokers Current smokers Total (n) Significance 
(p-value)*n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Sex 
Male 2464 44.1 1697 30.4 1425 25.5 5586 <0.0001
Female 3519 56.0 1469 23.4 1296 20.6 6284
Total (n) 5983 50.4 3166 26.7 2721 22.9 11870
Age groups
15 - 29 1646 58.9 342 12.2 806 28.9 2794
30 - 44 1738 45.5 968 25.4 1112 29.1 3818 <0.0001
45 - 59 1370 47.5 943 32.7 572 19.8 2885
60+ years 1229 51.8 913 38.5 230 9.7 2372
Total (n) 5983 50.4 3166 26.7 2720 22.9 11869
Native-born (NB)
Sex
Male 1936 45.7 1176 27.8 1122 26.5 4234 <0.0001
Female 2675 55.2 1099 22.7 1071 22.1 4845
Total (n) 4611 50.8 2275 25.1 2193 24.2 9079
Age groups
15 - 29 1365 57.7 295 12.5 706 29.8 2366
30 - 44 1296 43.9 752 25.5 903 30.6 2951 <0.0001
45 - 59 1003 48.6 635 30.8 424 20.6 2062
60+ years 947 55.7 593 34.9 159 9.4 1699
Total (n) 4611 50.8 2275 25.1 2192 24.2 9078
FB from English speaking countries (ESC) 
Sex
Male 237 36.1 269 40.9 151 23.0 657 0.0001
Female 300 47.5 221 35.0 111 17.6 632
Total (n) 537 41.7 490 38.0 262 20.3 1289
Age groups
15 - 29 75 54.0 15 10.8 49 35.2 139
30 - 44 162 41.4 119 30.4 110 28.1 391 <0.0001
45 - 59 158 39.2 173 42.9 72 17.9 403
60+ years 142 39.9 183 51.4 31 8.7 356
Total (n) 537 41.7 490 38.0 262 20.3 1289
FB from non-English speaking countries (NESC)
Sex 
Male 291 41.9 252 36.3 152 21.9 695 <0.0001
Female 544 67.4 149 18.5 114 14.1 807
Total (n) 835 55.6 401 26.7 266 17.7 1502
Age groups
15 - 29 206 71.3 32 11.1 51 17.6 289
30 - 44 280 58.8 97 20.4 99 20.8 476 <0.0001
45 - 59 209 49.8 135 32.1 76 18.1 420
60+ years 140 44.2 137 43.2 40 12.6 317
Total (n) 835 55.6 401 26.7 266 17.7 1502
Notes: i. The sample size in this cross-table is not equal to the actual sample size due to missing values in either exposures or 
smoking behaviour. ii. *Chi-square tests were performed to test for any statistically significant associations between 
demographic variables (sex and age) and smoking behaviour.
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4.2.2.2 Physical activity by sex and age
Table 4 shows the cross-tabulation of sex and age with physical activity at wave one
for all respondents (overall), and separately for three nativity groups. Table 4 suggests 
that males are more likely to be physically active than females, across all nativity 
groups. Engagement in sufficient physical activities was more common at younger age 
(15-29 years) among NB respondents and for FB from ESC it was most prevalent 
between 45 to 59 years of age. In contrast, FB from NESC were more likely to engage 
in sufficient physical activities at older age (60+ years). All the Chi-square test results 
in Table 4 shows statistically significant bivariate associations at the p < 0.05 level.
Table 4: Physical activity by demographic sex and age variables at wave one for all respondents (overall) 








Sufficient activity Total (n) Significance 
(p-value)*
n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Sex 
Male 598 10.7 2777 49.6 2219 39.7 5594 <0.0001
Female 819 13.0 3520 55.9 1956 31.1 6295
Total (n) 1417 11.9 6297 53.0 4175 35.1 11889
Age groups
15 - 29 172 6.2 1573 56.3 1051 37.6 2796
30 - 44 374 9.8 2197 57.6 1246 32.6 3817 <0.0001
45 - 59 374 13.0 1471 50.9 1043 36.1 2888
60+ years 497 20.8 1055 44.2 835 35.0 2387
Total (n) 1417 11.9 6296 53.0 4175 35.1 11888
Native-born (NB)
Sex 
Male 430 10.1 2088 49.2 1728 40.7 4246 <0.0001
Female 585 12.1 2755 56.8 1515 31.2 4855
Total (n) 1015 11.2 4843 53.2 3243 35.6 9101
Age groups
15 - 29 134 5.7 1316 55.6 918 38.8 2368
30 - 44 258 8.7 1715 58.1 979 33.2 2952 <0.0001
45 - 59 256 12.4 1059 51.3 750 36.3 2065
60+ years 367 21.4 752 43.9 596 34.8 1715
Total (n) 1015 11.2 4842 53.2 3243 35.6 9100
FB from English speaking countries (ESC) 
Sex 
Male 76 11.6 320 48.7 261 39.7 657 0.0337
Female 87 13.7 338 53.4 208 32.9 633
Total (n) 163 12.6 658 51.0 469 36.4 1290
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Age groups
15 - 29 11 7.9 75 54.0 53 38.1 139
30 - 44 38 9.7 223 57.0 130 33.3 391 0.0002
45 - 59 45 11.1 201 49.8 158 39.1 404
60+ years 69 19.4 159 44.7 128 36.0 356
Total (n) 163 12.6 658 51.0 469 36.4 1290
FB from non-English speaking countries (NESC) 
Sex 
Male 92 13.3 369 53.4 230 33.3 691 0.0186
Female 147 18.2 427 52.9 233 28.9 807
Total (n) 239 16.0 796 53.1 463 30.9 1498
Age groups
15 - 29 27 9.3 182 63.0 80 27.7 289
30 - 44 78 16.5 259 54.6 137 28.9 474 0.0005
45 - 59 73 17.4 211 50.4 135 32.2 419
60+ years 61 19.3 144 45.6 111 35.1 316
Total (n) 239 16.0 796 53.1 463 30.9 1498
Notes: i. The sample size in this cross-table is not equal to the actual sample size due to missing values in either exposures 
or physical activity. ii. *Chi-square tests were performed to test for any statistically significant associations between 
demographic variables (sex and age) and physical activity.
4.2.2.3 Alcohol consumption by sex and age
Table 5 shows the cross-tabulation of sex and age with alcohol consumption at wave 
one for all respondents (overall), and separately for three nativity groups. This table 
suggests that males are more likely to be risky drinkers than females, across all nativity 
groups. Table 5 also indicates that risky alcohol drinking behaviour is more prevalent 
at younger age (15-29 years) and less prevalent at older age (60+years), across all 
nativity groups. All the bivariate associations are significant at the p < 0.05 level as 
shown in Table 5.
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Table 5: Alcohol consumption by demographic sex and age variables at wave one for all respondents 




Never drinkers Non-risky drinkers Risky drinkers Total (n) Significance 
(p-value)*n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Sex 
Male 670 12.1 2180 39.5 2670 48.4 5520
Female 1079 17.6 3439 56.1 1617 26.4 6135 <0.0001
Total (n) 1749 15.0 5619 48.2 4287 36.8 11655
Age groups
15 - 29 435 15.7 866 31.2 1473 53.1 2774
30 - 44 424 11.3 1874 49.8 1463 38.9 3761 <0.0001
45 - 59 367 13.0 1565 55.3 900 31.8 2832
60+ years 523 22.9 1314 57.5 450 19.7 2287
Total (n) 1749 15.0 5619 48.2 4286 36.8 11654
Native-born (NB)
Sex 
Male 482 11.5 1532 36.6 2169 51.9 4183 <0.0001
Female 720 15.2 2643 55.9 1368 28.9 4731
Total (n) 1202 13.5 4175 46.8 3537 39.7 8914
Age groups
15 - 29 323 13.8 716 30.5 1308 55.7 2347
30 - 44 247 8.5 1449 49.9 1210 41.6 2906 <0.0001
45 - 59 243 12.0 1102 54.6 675 33.4 2020
60+ years 389 23.7 908 55.4 343 20.9 1640
Total (n) 1202 13.5 4175 46.8 3536 39.7 8913
FB from English speaking countries (ESC)
Sex
Male 43 6.7 309 47.9 293 45.4 645 <0.0001
Female 76 12.3 397 64.1 146 23.6 619
Total (n) 119 9.4 706 55.9 439 34.7 1264
Age groups
15 - 29 15 10.8 38 27.3 86 61.9 139
30 - 44 16 4.1 207 53.4 165 42.5 388 <0.0001
45 - 59 30 7.6 232 58.7 133 33.7 395
60+ years 58 17.0 229 67.0 55 16.1 342
Total (n) 119 9.4 706 55.9 439 34.7 1264
FB from non-English speaking countries (NESC) 
Sex 
Male 145 21.0 339 49.0 208 30.1 692 <0.0001
Female 283 36.1 399 50.8 103 13.1 785
Total (n) 428 29.0 738 50.0 311 21.0 1477
Age groups
15 - 29 97 33.7 112 38.9 79 27.4 288
30 - 44 161 34.5 218 46.7 88 18.8 467 <0.0001
45 - 59 94 22.5 231 55.4 92 22.1 417
60+ years 76 24.9 177 58.0 52 17.1 305
Total (n) 428 29.0 738 50.0 311 21.0 1477
Notes: i. The sample size in this cross-table is not equal to the actual sample size due to missing values in either exposures or 
alcohol consumption. ii. *Chi-square tests were performed to test for any statistically significant associations between 
demographic variables (sex and age) and alcohol consumption.
105
4.3 Transition dynamics of time-varying variables between waves 1-
12
The degree of mobility in time-varying outcome variables (tobacco smoking 
behaviour, physical activity and alcohol consumption) and explanatory variables 
(English language proficiency, marital status, employment status, education status, 
household equivalised disposable income, social participation, and social club 
membership) was assessed descriptively using a transition matrix. Each row of the 
transition matrix represents categories of these time-varying variables (e.g., smoking 
behaviour) at time (t) while the columns represent categories of these variables (e.g., 
smoking behaviour) at the subsequent time (t+1). Transition matrices present data on 
mobility in states over time, to show how many respondents moved from one state to 
another and how many remained in the same state (stability) throughout the study 
period (see ‘Chapter 3: Research Methodology’ for details).
4.3.1 Transition dynamics (over time change) of time-varying outcome 
variables
4.3.1.1 Smoking behaviour transitions
The transition probabilities of smoking behaviour from one wave to the next over the 
waves 1 to 12 for all respondents (overall), and separately for NB, ESC and NESC 
groups are shown in Table 6. From Table 6 we can see that smoking behaviour has 
changed from ‘non-current smokers’ to ‘current smokers’ for 2.9% of NB respondents, 
2.6% of FB respondents from ESC and 2.6% of FB respondents from NESC in 
successive waves, over waves 1 to 12. On the other hand, the changes in smoking 
behaviour from ‘current smokers’ to ‘non-current smokers’ in successive waves were 
13.0%, 14.8% and 16.6% for NB respondents, FB from ESC and NESC, respectively. 
It is worth noting that the non-current smokers category in this transition table includes 
respondents who were either never smokers or ex-smokers.
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Table 6: Transition probabilities (%) computed from counts of the number of times respondents 
reported the indicated pair of smoking behaviour in successive observations over waves 1 to 12 
for all respondents (overall) and separately for three nativity groups.
Overall smoking behaviour transition (combined NB, FB from ESC and NESC)
Wave ‘t+1’
Non-current smokers Current smokers Total (n)
Wave ‘t’
Non- current smokers 97.2 2.8 72720
Current smokers 13.5 86.5 18404
Total (n) 73153 17971 91124
Smoking behaviour transition for Native-born (NB)
Wave ‘t+1’
Non- current smokers Current smokers Total (n)
Wave ‘t’
Non- current smokers 97.1 2.9 55830
Current smokers 13.0 87.0 15003
Total (n) 56169 14664 70833
Smoking behaviour transition for FB from English speaking countries (ESC)
Wave ‘t+1’
Non- current smokers Current smokers Total (n)
Wave ‘t’
Non- current smokers 97.4 2.6 8356
Current smokers 14.8 85.2 1793
Total (n) 8406 1743 10149
Smoking behaviour transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
Non- current smokers Current smokers Total (n)
Wave ‘t’
Non- current smokers 97.4 2.6 8534
Current smokers 16.6 83.4 1608
Total (n) 8578 1564 10142
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition probabilities 
between the same states are shown as italic fonts. 
4.3.1.2 Physical activity transitions
The transition probabilities of physical activity from one wave to the next over the 
waves 1 to 12 for all respondents (overall), and separately for NB, ESC and NESC
groups are shown in Table 7. 
From Table 7 we can see that physical activity status changed from ‘physically 
inactive’ to ‘physically active’ for 17.1% of NB respondents, 18.2% of FB respondents 
from ESC and 15.9% of FB respondents from NESC in successive waves, over waves 
1 to 12. Conversely, changes in physical activity status from ‘physically active’ to 
‘physically inactive’ in successive waves were 35.8%, 32.0% and 39.4% for NB 
respondents, FB from ESC and NESC, respectively. It is worth noting that physically 
107
inactive category in this transition table includes respondents who were either not 
engaging in any type of physical activities or were doing insufficient physical 
activities.
Table 7: Transition probabilities (%) computed from counts of the number of times 
respondents reported the indicated pair of physical activity in successive observations over 
waves 1 to 12 for all respondents (overall) and separately for three nativity groups.
Overall physical activity transition (combined NB, FB from ESC and NESC)
Wave ‘t+1’
Physically inactive Physically active Total (n)
Wave ‘t’
Physically inactive 82.9 17.1 61292
Physically active 35.7 64.4 30823
Total (n) 61810 30305 92115
Physical activity transition for Native-born (NB)
Wave ‘t+1’
Physically inactive Physically active Total (n)
Wave ‘t’
Physically inactive 82.9 17.1 47643
Physically active 35.8 64.2 23953
Total (n) 48053 23543 71596
Physical activity transition for FB from English speaking countries (ESC)
Wave ‘t+1’
Physically inactive Physically active Total (n)
Wave ‘t’
Physically inactive 81.8 18.2 6413
Physically active 32.0 68.0 3850
Total (n) 6480 3783 10263
Physical activity transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
Physically inactive Physically active Total (n)
Wave ‘t’
Physically inactive 84.1 15.9 7236
Physically active 39.4 60.6 3020
Total (n) 7277 2979 10256
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition 
probabilities between the same states are shown as italic fonts.
4.3.1.3 Alcohol consumption transitions
The transition probabilities of alcohol consumption from one wave to the next over the 
waves 1 to 12 for all respondents (overall), and separately for NB, ESC and NESC 
groups are shown in Table 8. 
From Table 8 we can see that alcohol consumption status changed from ‘safe drinkers’ 
to ‘risky drinkers’ for 11.8% of NB respondents, 10.8% of FB respondents from ESC 
and 7.2% of FB respondents from NESC in successive waves, over waves 1 to 12. 
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In contrast, changes in alcohol consumption status from ‘risky drinkers’ to ‘safe 
drinkers’ in successive waves were 19.5%, 19.8% and 28.1% for NB respondents, FB 
from ESC and NESC, respectively. It is worth noting that the safe drinkers category in 
this transition table includes respondents who were either never/non-drinkers or did 
not exceed the 2009 NHMRC lifetime risky drinking guidelines (explained in Chapter 
3: outcome variables).
Table 8: Transition probabilities (%) computed from counts of the number of times 
respondents reported the indicated pair of alcohol consumption in successive observations 
over waves 1 to 12 for all respondents (overall) and separately for three nativity groups.
Overall alcohol consumption transition (combined NB, FB from ESC and NESC)
Wave ‘t+1’
Safe drinkers Risky drinkers Total (n)
Wave ‘t’
Safe drinkers 88.9 11.1 57985
Risky drinkers 20.1 79.9 32793
Total (n) 58150 32628 90778
Alcohol consumption transition for Native-born (NB)
Wave ‘t+1’
Safe drinkers Risky drinkers Total (n)
Wave ‘t’
Safe drinkers 88.2 11.8 43426
Risky drinkers 19.5 80.5 27136
Total (n) 43583 26979 70562
Alcohol consumption transition for FB from English speaking countries (ESC)
Wave ‘t+1’
Safe drinkers Risky drinkers Total (n)
Wave ‘t’
Safe drinkers 89.2 10.8 6564
Risky drinkers 19.8 80.2 3589
Total (n) 6564 3589 10153
Alcohol consumption transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
Safe drinkers Risky drinkers Total (n)
Wave ‘t’
Safe drinkers 92.8 7.2 7995
Risky drinkers 28.1 71.9 2068
Total (n) 8003 2060 10063
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition 
probabilities between the same states are shown as italic fonts. ii. Safe drinkers include never/non-drinkers 
and non-risky drinkers categories.
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4.3.2 Transition dynamics (over time change) of time-varying explanatory 
variables
4.3.2.1 Marital status transitions
The transition probabilities of marital status from one wave to the next over the waves 
1 to 12 for all respondents (overall), and separately for NB, ESC and NESC groups are 
shown in Table 9. To avoid many potential combinations and possible misreporting, 
marital status for the transition analysis in this chapter consists only two categories; 
‘married/in de facto’ and ‘single’ (‘single’ category consists never married/not in de 
facto, separated/divorced/widowed).
From Table 9 we can see that marital status has changed from ‘married/in de facto’ to 
‘single’ for 3.0% of NB respondents, 2.9% of FB respondents from ESC and 2.3% of 
FB respondents from NESC in successive waves, over waves 1 to 12. Changes in 
marital status from ‘single’ to ‘married/in de facto’ in successive waves were 6.8%, 
5.8% and 6.3% for NB respondents, FB from ESC and NESC, respectively.
Table 9: Transition probabilities (%) computed from counts of the number of times respondents 
reported the indicated pair of marital status in successive observations over waves 1 to 12 for 
all respondents (overall) and separately for three nativity groups.
Overall marital status transition (all NB, FB from ESC and NESC)
Wave ‘t+1’
Married/in de facto Single* Total (n)
Wave ‘t’
Married/in de facto 97.1 2.9 70817
Single* 6.7 93.3 35061
Total (n) 71092 34786 105878
Marital status transition for Native-born (NB)
Wave ‘t+1’
Married/in de facto Single* Total (n)
Wave ‘t’
Married/in de facto 97.0 3.0 53298
Single* 6.8 93.2 28279
Total (n) 53613 27964 81577
Marital status transition for FB from English speaking countries (ESC)
Wave ‘t+1’
Married/in de facto Single* Total (n)
Wave ‘t’
Married/in de facto 97.1 2.9 8194
Single* 5.8 94.2 3142
Total (n) 8142 3194 11336
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Marital status transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
Married/in de facto Single* Total (n)
Wave ‘t’
Married/in de facto 97.7 2.3 9325
Single* 6.3 93.7 3640
Total (n) 9337 3628 12965
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition probabilities 
between the same states are shown as italic fonts. iii. *Single= Never married/not in de facto, Divorced, Separated 
& Widowed.
4.3.2.2 Education status transitions
The transition probabilities of education status from one wave to the next over the 
waves 1 to 12 for all respondents (overall), and separately for NB, ESC and NESC 
groups are shown in Table 10. Table 10 suggest that approximately 1.5% to 2.8% of 
respondents across all nativity groups experienced a change in their education status 
from ‘exactly 12 year of schooling’ to ‘diploma level’ in successive waves, over waves 
1 to 12. However, changes in education status from ‘exactly 12 year of schooling’ to 
‘university level’ in successive waves was lower among FB respondents from ESC 
(0.7%) than the NB respondents (2.5%) and FB respondents from NESC (2.2%). From 
Table 10 we can also see that less than one per cent of respondents across all nativity 
groups changed their education status either from ‘diploma level’ to ‘university level’ 
or from ‘<12 years of schooling’ to ‘university level’ in successive waves, over waves 
1 to 12.
Table 10: Transition probabilities (%) computed from counts of the number of times respondents reported the 
indicated pair of education status in successive observations over waves 1 to 12 for all respondents (overall) and 
separately for three nativity groups. 
Overall education status transition (combined NB, FB from ESC and NESC)
Wave ‘t+1’
<12 years of 
schooling








<12 years of schooling 97.8 1.1 1.1 0.1 37527
Exactly 12 year of schooling 0.0 95.2 2.5 2.3 14230
Diploma level 0.0 0.0 99.5 0.5 31041
University level 0.0 0.0 0.0 100.0 23120
Total (n) 36703 13943 31656 23616 105918
Education status transition for Native-born (NB)
Wave ‘t+1’
111
<12 years of 
schooling








<12 years of schooling 97.6 1.1 1.1 0.1 30221
Exactly 12 year of schooling 0.1 94.7 2.8 2.5 10535
Diploma level 0.0 0.0 99.5 0.5 23985
University level 0.0 0.0 0.0 100.0 16858
Total (n) 29513 10325 24502 17259 81599
Education status transition for FB from English speaking countries (ESC)
Wave ‘t+1’
<12 years of 
schooling








<12 years of schooling 98.8 0.3 0.9 0.1 3571
Exactly 12 year of schooling 0.0 97.8 1.5 0.7 1332
Diploma level 0.0 0.0 99.6 0.4 3734
University level 0.0 0.0 0.0 100.0 2709
Total (n) 3528 1312 3771 2735 11346
Education status transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
<12 years of 
schooling








<12 years of schooling 98.1 1.0 0.8 0.1 3735
Exactly 12 year of schooling 0.0 95.9 1.9 2.2 2363
Diploma level 0.0 0.0 99.6 0.5 3322
University level 0.0 0.0 0.0 100.0 3553
Total (n) 3662 2306 3383 3622 12973
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition probabilities 
between the same states are shown as italic fonts.
4.3.2.3 Employment status transition
The transition probabilities of employment status from one wave to the next over the 
waves 1 to 12 for all respondents (overall), and separately for NB, ESC and NESC 
groups are shown in Table 11. Table 11 suggest that only 1.3% to 1.6% of respondents 
across all nativity groups changed their employment status from ‘employed’ to 
‘unemployed’ in successive waves, over waves 1 to 12. However, changes in 
employment status from ‘unemployed’ to ‘employed’ in successive waves were 
50.5%, 46.4% and 40.3% for NB respondents, FB from ESC and NESC, respectively.
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Table 11: Transition probabilities (%) computed from counts of the number of times respondents 
reported the indicated pair of employment status in successive observations over waves 1 to 12 for 
all respondents (overall) and separately for three nativity groups. 
Overall employment status transition (combined NB, FB from ESC and NESC)
Wave ‘t+1’
Employed Unemployed Not in labour force Total (n)
Wave ‘t’
Employed 93.0 1.5 5.6 66823
Unemployed 48.6 25.3 26.1 2687
Not in labour force 8.5 2.2 89.3 36443
Total (n) 66519 2441 36993 105953
Employment status transition for Native-born (NB)
Wave ‘t+1’
Employed Unemployed Not in labour force Total (n)
Wave ‘t’
Employed 93.0 1.5 5.5 53075
Unemployed 50.5 24.4 25.1 2020
Not in labour force 9.3 2.2 88.5 26537
Total (n) 52851 1849 26932 81632
Employment status transition for FB from English speaking countries (ESC)
Wave ‘t+1’
Employed Unemployed Not in labour force Total (n)
Wave ‘t’
Employed 92.9 1.3 5.8 6669
Unemployed 46.4 26.8 26.8 250
Not in the labour 
force
6.2 1.6 92.2 4427
Total (n) 6587 225 4534 11346
Employment status transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
Employed Unemployed Not in labour force Total (n)
Wave ‘t’
Employed 92.5 1.6 5.9 7079
Unemployed 40.3 29.0 30.7 417
Not in labour force 6.7 2.4 90.9 5479
Total (n) 7081 367 5527 12975
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition probabilities 
between the same states are shown as italic fonts.
4.3.2.4 Household equivalised disposable income transitions
The transition probabilities of household equivalised disposable income from one 
wave to the next over the waves 1 to 12 for all respondents (overall), and separately 
for NB, ESC and NESC groups are is shown in Table 12.
Table 12 suggests that over the study period (2001-2012), NB (42.3%) respondents, 
FB from ESC (42.4%) and NESC (41.3%) had experienced household equivalised 
income increased by 10% of a standard deviation (SD) from the previous wave. 
Whereas, approximately a quarter of respondents across all nativity groups 
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experienced household equivalised income decreased by 10% of a standard deviation 
(SD) from the previous wave, over waves 1 to 12.
Table 12: Transition for household equivalised disposable income in successive observations 
over waves 1 to 12 for all respondents (overall) and separately for three nativity groups.
Overall household equivalised income transition (combined NB, FB from ESC and NESC)
Frequency Per cent
Income increased by 10 per cent of SD in previous wave 44707 42.2
Income decreased by 10 per cent of SD in previous wave 27285 25.8
No change in income of SD in previous wave 33961 32.0
Total (n) 105953 100.0
Household equivalised income transition for Native-born (NB)
Income increased by 10 per cent of SD in previous wave 34540 42.3
Income decreased by 10 per cent of SD in previous wave 20800 25.5
No change in income of SD in previous wave 26292 32.2
Total (n) 81632 100.0
Household equivalised income transition for FB from English speaking countries (ESC)
Income increased by 10 per cent of SD in previous wave 4810 42.4
Income decreased by 10 per cent of SD in previous wave 3095 27.3
No change in income of SD in previous wave 3441 30.3
Total (n) 11346 100.0
Household equivalised income transition for FB from non-English speaking countries (NESC)
Income increased by 10 per cent of SD in previous wave 5357 41.3
Income decreased by 10 per cent of SD in previous wave 3390 26.1
No change in income of SD in previous wave 4228 32.6
Total (n) 12975 100.0
Note: i. Household equivalised income is scaled by $1000 (household equivalised income/1000). 
ii. SD denotes standard deviation.
4.3.2.5 English language proficiency (ELP) transitions
The transition probabilities of English language proficiency (ELP) from one wave to 
the next over the waves 1 to 12 for all respondents (overall), and separately for NB, 
ESC and NESC groups are shown in Table 13. 
From Table 13 we can see that approximately 10.2% of respondents from NESC 
improved their self-reported ELP from ‘very well/well’ to ‘proficient’ in successive 
waves, over waves 1 to 12. About a quarter (22.3%) of FB respondents from NESC 
changed their English language proficiency from ‘not well/not at all’ to ‘very 
well/well’. Moreover, only 2.5% of respondents from NESC transited their ELP from 
‘not well/not at all’ to ‘proficient’ in successive waves, over waves 1 to 12. 
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On the other hand, as more than 97% of NB respondents and FB respondents from
ESC were proficient in English language in this study (see Table 1), the transition in 
English language proficiency among them was minimal.
Table 13: Transition probabilities (%) computed from counts of the number of times respondents 
reported the indicated pair of English language proficiency in successive observations over waves 
1 to 12 for all respondents (overall) and separately for three nativity groups.
Overall English language proficiency transition (combined NB, FB from ESC and NESC)
Wave ‘t+1’
Proficient Very well/well Not well/not at all Total (n)
Wave ‘t’
Proficient 98.6 1.4 0.0 95445
Very well/well 14.5 81.8 3.7 9111
Not well/not at all 2.8 22.4 74.8 1388
Total (n) 95444 9095 1405 105944
English language proficiency transition for Native-born (NB)
Wave ‘t+1’
Proficient Very well/well Not well/not at all Total (n)
Wave ‘t’
Proficient 99.4 0.7 0.0 79848
Very well/well 28.9 70.9 0.2 1772
Not well/not at all 44.4 33.3 22.2 9
Total (n) 79842 1777 10 81629
English language proficiency transition for FB from English speaking countries (ESC)
Wave ‘t+1’
Proficient Very well/well Not well/not at all Total (n)
Wave ‘t’
Proficient 99.2 0.8 0.0 11101
Very well/well 35.5 64.5 0.0 245
Not well/not at all 0.0 0.0 0.0 0
Total (n) 11102 244 0 11346
English language proficiency transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
Proficient Very well/well Not well/not at all Total (n)
Wave ‘t’
Proficient 83.2 16.2 0.6 4496
Very well/well 10.2 85.1 4.7 7094
Not well/not at all 2.5 22.3 75.1 1379
Total (n) 4500 7074 1395 12969
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition probabilities 
between the same states are shown as italic fonts.
4.3.2.6 Social participation transitions
The transition probabilities of social participation from one wave to the next over the 
waves 1 to 12 for all respondents (overall), and separately for NB, ESC and NESC 
groups are shown in Table 14. Table 14 suggest that about 3.8% to 4.6% of respondents 
across all nativity groups experienced a change in their social events participation with 
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friend or family members from ‘once or more than once in a week’ to ‘less than once 
a month’ in successive waves, over waves 1 to 12. However, the change in social 
participation status from ‘less than once a month’ to ‘once or more than once in a 
week’ in successive waves was lower among FB respondents from NESC (17.0%) than 
the NB respondents (20.5%) and FB respondents from ESC (20.0%).
Table 14: Transition probabilities (%) computed from counts of the number of times respondents reported 
the indicated pair of social participation in successive observations over waves 1 to 12 for all respondents 
(overall) and separately for three nativity groups. 
Overall social participation transition (combined NB, FB from ESC and NESC)
Wave ‘t+1’
Less than once 
a month
Once or more 
than once in a 
month
Once or more 




Less than once a month 47.8 32.2 20.0 10222
Once or more than once in a month 13.2 52.3 34.6 27015
Once or more than once in a week 4.0 19.1 77.0 53287
Total (n) 10548 27582 52394 90524
Social participation transition for Native-born (NB)
Wave ‘t+1’
Less than once 
a month
Once or more 
than once in a 
month
Once or more 




Less than once a month 47.5 32.0 20.5 7685
Once or more than once in a month 12.9 52.5 34.6 20657
Once or more than once in a week 3.8 18.7 77.5 41977
Total (n) 7925 21146 41248 70319
Social participation transition for FB from English speaking countries (ESC)
Wave ‘t+1’
Less than once 
a month
Once or more 
than once in a 
month
Once or more 




Less than once a month 47.6 32.4 20.0 1228
Once or more than once in a month 14.3 50.7 35.0 3039
Once or more than once in a week 4.3 19.5 76.2 5834
Total (n) 1269 3076 5756 10101
Social participation transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
Less than once 
a month
Once or more 
than once in a 
month
Once or more 




Less than once a month 49.7 33.4 17.0 1309
Once or more than once in a month 13.7 52.5 33.9 3319
Once or more than once in a week 4.6 21.6 73.9 5476
Total (n) 1354 3360 5390 10104
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition probabilities between the 
same states are shown as italic fonts.
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4.3.2.7 Social club membership transitions
The transition probabilities of social club membership from one wave to the next over 
the waves 1 to 12 for all respondents (overall), and separately for NB, ESC and NESC 
groups are shown in Table 15. Change in social club membership from being to not 
being a member was higher among FB respondents from NESC (31.4%) than the NB 
respondents (23.2%) and FB respondents from ESC (23.7%) in successive waves, over 
waves 1 to 12. Conversely, change in social club membership status from not being to 
being a member in successive waves was lower among FB respondents from NESC 
(12.3%) than the NB respondents (15.6%) and FB respondents from ESC (14.9%).
Table 15: Transition probabilities (%) computed from counts of the number of times respondents 
reported the indicated pair of social club membership in successive observations over waves 1 to 
12 for all respondents (overall) and separately for three nativity groups. 
Overall social club membership transition (combined NB, FB from ESC and NESC)
Wave ‘t+1’
Yes No Total (n)
Wave ‘t’
Yes 76.1 23.9 36627
No 15.1 84.9 54570
Total (n) 36112 55085 91197
Social club membership transition for Native-born (NB)
Wave ‘t+1’
Yes No Total (n)
Wave ‘t’
Yes 76.8 23.2 29749
No 15.6 84.4 41194
Total (n) 29279 41664 70943
Social club membership transition for FB from English speaking countries (ESC)
Wave ‘t+1’
Yes No Total (n)
Wave ‘t’
Yes 76.3 23.7 4030
No 14.9 85.1 6110
Total (n) 3988 6152 10140
Social club membership transition for FB from non-English speaking countries (NESC)
Wave ‘t+1’
Yes No Total (n)
Wave ‘t’
Yes 68.6 31.4 2848
No 12.3 87.7 7266
Total (n) 2845 7269 10114
Note: i. Transition probabilities were derived by dividing these counts by row totals. ii. Transition probabilities 
between the same states are shown as italic fonts.
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4.4 Associations between changes in time-varying explanatory 
variables with changes in outcome variables 
This section examines the association between changes (transitions in successive 
waves) in time-varying explanatory variables (marital status, employment status, 
household equivalised disposable income, English language proficiency, social 
participation, and social club membership) and outcome variables (smoking 
behaviour, physical activity and alcohol consumption). Education status was not used 
in this section as this variable has four categories and it became too complex to tabulate 
because of the many potential combinations of changes over time. Moreover, there 
was little change in education status over successive waves (see Table 10). 
Additionally, the association of English language proficiency transition with three 
outcome transitions is only presented in case of FB respondents from NESC.
4.4.1 Changes in smoking behaviour by changes in explanatory variables
4.4.1.1 Changes in smoking behaviour by changes in marital status
Table 16 shows the association between transitions (changes in successive waves) in 
marital status and smoking behaviour for all respondents (overall), and separately for 
three nativity groups. A higher proportion of NB respondents (6.3%) and FB from 
NESC (6.3%) than FB from ESC (3.7%) who experienced change in their marital 
status from married to single (M-S) also experienced change from non-current to
current smokers (NS-CS). On the other hand, a higher proportion of FB from ESC 
(6.1%) than NB respondents (5.5%) and FB from NESC (4.8%) who experienced 
transition from single to married (S-M) also experienced change in smoking behaviour 
from current to non-current smokers (CS-NS).
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Table 16: Association between successive transitions in marital status and smoking behaviour for 




Transitions in smoking behaviour p-value*
RNS NS-CS RCS CS-NS Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
RM 49707 81.7 1075 1.8 8607 14.2 1443 2.4 60832
M-S 1005 61.9 97 6.0 471 29.0 51 3.1 1624 <0.0001
RS 18792 70.2 805 3.0 6306 23.5 882 3.3 26785
S-M 1141 62.2 66 3.6 528 28.8 100 5.5 1835
Total (n) 70645 77.6 2043 2.2 15912 17.5 2476 2.7 91076
Native-born (NB)
RM 37516 81.1 803 1.7 6856 14.8 1099 2.4 46274
M-S 785 61.5 80 6.3 370 29.0 41 3.2 1276 <0.0001
RS 14977 68.9 664 3.1 5366 24.7 720 3.3 21727
S-M 924 60.8 58 3.8 456 30.0 83 5.5 1521
Total (n) 54202 76.6 1605 2.3 13048 18.4 1943 2.7 70798
FB from English speaking countries (ESC)
RM 6097 83.6 127 1.7 907 12.4 161 2.2 7292
M-S 120 63.2 7 3.7 56 29.5 7 3.7 190 <0.0001
RS 1824 72.6 77 3.1 522 20.8 89 3.5 2512
S-M 95 64.2 4 2.7 40 27.0 9 6.1 148
Total (n) 8136 80.2 215 2.1 1525 15.0 266 2.6 10142
FB from non-English speaking countries (NESC)
RM 6094 83.9 145 2.0 844 11.6 183 2.5 7266
M-S 100 63.3 10 6.3 45 28.5 3 1.9 158 <0.0001
RS 1991 78.2 64 2.5 418 16.4 73 2.9 2546
S-M 122 73.5 4 2.4 32 19.3 8 4.8 166
Total (n) 8307 82.0 223 2.2 1339 13.2 267 2.63 10136
Note: i. NS= non-current smokers; CS= current smokers; RNS= remained non-current smokers; RCS remained 
current smokers. ii. M=married; S=single; RM= remained married; RS= remained single. iii. *Chi-square tests 
were performed to test any statistically significant associations between transitions in marital status and smoking 
behaviour.
4.4.1.2 Changes in smoking behaviour by changes in employment status
Table 17 shows the association between transitions (changes in successive waves) in 
employment status and smoking behaviour for all respondents (overall), and separately 
for three nativity groups. A higher proportion of FB from ESC (6.5%) and NESC 
(4.2%) than NB respondents (3.9%) who experienced change in their employment 
status from employed to unemployed also experienced change from non-current to 
current smokers (NS-CS). In contrast, a higher proportion of NB respondents (5.4%) 
than FB from ESC (4.2%) and NESC (3.0%) who experienced transition from 
unemployed to employed also experienced change in smoking behaviour from current 
to non-current smokers (CS-NS).
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Table 17: Association between successive transitions in employment status and smoking behaviour for 
all respondents (overall) and separately for three nativity groups. 
Transitions in 
employment status
Transitions in smoking behaviour p-value*
RNS NS-CS RCS CS-NS Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained Employed 40870 76.2 1340 2.5 9820 18.3 1591 3.0 53621
Employed-Unemployed 448 57.0 33 4.2 272 34.6 33 4.2 786
Employed-Not in LF 2488 76.6 62 1.9 599 18.4 101 3.1 3250
Remained Unemployed 254 45.9 29 5.2 247 44.6 24 4.3 554
Unemployed- Employed 626 58.4 46 4.3 347 32.4 53 4.9 1072 <0.0001
Unemployed- Not in LF 314 53.2 20 3.4 227 38.5 29 4.9 590
Remained Not in LF 23309 83.5 388 1.4 3661 13.1 566 2.0 27924
Not in LF-Employed 2008 74.8 96 3.6 521 19.4 61 2.3 2686
Not in LF-Unemployed 358 55.9 31 4.8 232 36.2 20 3.1 641
Total (n) 70675 77.6 2045 2.2 15926 17.5 2478 2.7 91124
Native-born (NB)
Remained Employed 32243 75.4 1061 2.5 8208 19.2 1259 2.9 42771
Employed-Unemployed 325 53.0 24 3.9 237 38.7 27 4.4 613
Employed-Not in LF 1956 76.1 54 2.1 479 18.7 80 3.1 2569
Remained Unemployed 158 38.9 21 5.2 210 51.7 17 4.2 406
Unemployed- Employed 471 56.0 36 4.3 289 34.4 45 5.4 841 <0.0001
Unemployed- Not in LF 199 46.6 14 3.3 191 44.7 23 5.4 427
Remained Not in LF 17052 82.8 287 1.4 2822 13.7 423 2.1 20584
Not in LF-Employed 1580 74.0 80 3.8 422 19.8 54 2.5 2136
Not in LF-Unemployed 240 49.4 29 6.0 200 41.2 17 3.5 486
Total (n) 54224 76.6 1606 2.3 13058 18.4 1945 2.8 70833
FB from English speaking countries (ESC)
Remained Employed 4314 78.2 137 2.5 899 16.3 170 3.1 5520
Employed-Unemployed 49 63.6 5 6.5 22 28.6 1 1.3 77
Employed-Not in LF 272 78.8 3 0.9 61 17.7 9 2.6 345
Remained Unemployed 33 58.9 2 3.6 18 32.1 3 5.4 56
Unemployed- Employed 62 64.6 4 4.2 26 27.1 4 4.2 96 <0.0001
Unemployed- Not in LF 33 54.1 4 6.6 22 36.1 2 3.3 61
Remained Not in LF 3166 85.7 48 1.3 411 11.1 71 1.9 3696
Not in LF-Employed 173 71.5 11 4.6 53 21.9 5 2.1 242
Not in LF-Unemployed 38 67.9 2 3.6 15 26.8 1 1.8 56
Total (n) 8140 80.2 216 2.1 1527 15.1 266 2.6 10149
FB from non-English speaking countries (NESC)
Remained Employed 4313 80.9 142 2.7 713 13.4 162 3.0 5330
Employed-Unemployed 74 77.1 4 4.2 13 13.5 5 5.2 96
Employed-Not in LF 260 77.4 5 1.5 59 17.6 12 3.6 336
Remained Unemployed 63 68.5 6 6.5 19 20.7 4 4.4 92
Unemployed- Employed 93 68.9 6 4.4 32 23.7 4 3.0 135 <0.0001
Unemployed- Not in LF 82 80.4 2 2.0 14 13.7 4 3.9 102
Remained Not in LF 3091 84.8 53 1.5 428 11.8 72 2.0 3644
Not in LF-Employed 255 82.8 5 1.6 46 14.9 2 0.7 308
Not in LF-Unemployed 80 80.8 0 0.0 17 17.2 2 2.0 99
Total (n) 8311 82.0 223 2.2 1341 13.2 267 2.6 10142
Note: i. NS= non-current smokers; CS= current smokers; RNS= remained non-current smokers; RCS= remained current 
smokers. ii. LF=labour force. iii. *Chi-square tests were performed to test any statistically significant associations 
between transitions in employment status and smoking behaviour.
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4.4.1.3 Changes in smoking behaviour by changes in household equivalised income
Table 18 shows the association between transitions (changes in successive waves) in 
household equivalised income and smoking behaviour for all respondents (overall), 
and separately for three nativity groups. A similar proportion of FB from ESC (2.3%), 
NESC (2.4%) and NB respondents (2.3%) who experienced increased household 
equivalised income over time also experienced change from non-current to current 
smokers (NS-CS). On the other hand, a higher proportion of FB from ESC (3.3%) and 
NESC (3.3%) than NB respondents (2.7%) who experienced income decreased over 
time also experienced change in smoking behaviour from current to non-current 
smokers (CS-NS).
Table 18: Association between successive transitions in household equivalised income and smoking behaviour for all 
respondents (overall) and separately for three nativity groups. 
Transitions in household 
equivalised income
Transitions in smoking behaviour p-value*
RNS NS-CS RCS CS-NS Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Income increased by 10 per cent 29905 77.7 890 2.3 6628 17.2 1085 2.8 38508
Income decreased by 10 per cent 18020 77.6 530 2.3 4020 17.3 659 2.8 23229 0.0110
No change in income 22750 77.4 625 2.1 5278 18.0 734 2.5 29387
Total (n) 70675 77.6 2045 2.2 15926 17.5 2478 2.7 91124
Native-born (NB)
Income increased by 10 per cent 22968 76.7 690 2.3 5426 18.1 864 2.9 29948
Income decreased by 10 per cent 13694 76.8 404 2.3 3263 18.3 482 2.7 17843 0.1154
No change in income 17562 76.2 512 2.2 4369 19.0 599 2.6 23042
Total (n) 54224 76.6 1606 2.3 13058 18.4 1945 2.8 70833
FB from English speaking countries (ESC)
Income increased by 10 per cent 3442 80.3 98 2.3 635 14.8 111 2.6 4286
Income decreased by 10 per cent 2210 80.7 63 2.3 375 13.7 90 3.3 2738 0.0036
No change in income 2488 79.6 55 1.8 517 16.5 65 2.1 3125
Total (n) 8140 80.2 216 2.1 1527 15.1 266 2.6 10149
FB from non-English speaking countries (NESC)
Income increased by 10 per cent 3495 81.8 102 2.4 567 13.3 110 2.6 4274
Income decreased by 10 per cent 2116 79.9 63 2.4 382 14.4 87 3.3 2648 0.0047
No change in income 2700 83.9 58 1.8 392 12.2 70 2.2 3220
Total (n) 8311 82.0 223 2.2 1341 13.2 267 2.6 10142
Note: i. NS= non-current smokers; CS= current smokers; RNS= remained non-current smokers; RCS= remained current smokers.
ii. *Chi-square tests were performed to test any statistically significant associations between transitions in household equivalised 
income and smoking behaviour.
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4.4.1.4 Changes in smoking behaviour by changes in English language proficiency
Table 19 shows the association between transitions (changes in successive waves) in 
English language proficiency and smoking behaviour for all respondents (overall), and 
separately for three nativity groups. About 2.1% of FB from NESC, who reported 
change in their English language proficiency from proficient to very well/well also 
experienced change in smoking behaviour from non-current to current smokers (NS-
CS). In contrast, 3.7% of them, who improved their English language from very 
well/well to proficient also experienced changes from current to non-current smokers 
(CS-NS).
Table 19: Association between successive transitions in English language proficiency and smoking behaviour 
for all respondents (overall) and FB from NESC. 
Transitions in English language 
proficiency 
Transitions in smoking behaviour p-value*
RNS NS-CS RCS CS-NS Total (n)
n Row % n Row % n Row % n Row %
          Overall (combined NB, FB from ESC and NESC)
Remained Proficient 63527 77.3 1822 2.2 14611 17.8 2232 2.7 82192
Proficient -Very well/well 825 75.2 22 2.0 218 19.9 32 2.9 1097
Proficient - Not well/not at all 14 77.8 1 5.6 3 16.7 0 0.0 18
Remained Very well/well 4830 81.3 154 2.6 802 13.5 156 2.6 5942
Very well/well - Proficient 793 74.1 31 2.9 208 19.4 38 3.6 1070 <0.0001
Very well/well - Not well/not at all 138 79.8 5 2.9 22 12.7 8 4.6 173
Remained Not well/not at all 387 87.6 5 1.1 39 8.8 11 2.5 442
Not well/not at all - Proficient 15 83.3 0 0.0 3 16.7 0 0.0 18
Not well/not at all - Very well/well 142 84.5 5 3.0 20 11.9 1 0.6 168
Total (n) 70671 77.6 2045 2.2 15926 17.5 2478 2.7 91120
           FB from non-English speaking countries (NESC)
Remained Proficient 2617 79.5 68 2.1 510 15.5 95 2.9 3290
Proficient -Very well/well 483 79.4 13 2.1 99 16.3 13 2.1 608
Proficient - Not well/not at all 11 78.6 1 7.1 2 14.3 0 0.0 14
Remained Very well/well 4049 83.7 113 2.3 558 11.5 117 2.4 4837
Very well/well - Proficient 473 79.1 13 2.2 90 15.1 22 3.7 598 <0.0001
Very well/well - Not well/not at all 137 80.1 5 2.9 21 12.3 8 4.7 171
Remained Not well/not at all 385 87.5 5 1.1 39 8.9 11 2.5 440
Not well/not at all - Proficient 12 80.0 0 0.0 3 20.0 0 0.0 15
Not well/not at all - Very well/well 140 84.9 5 3.0 19 11.5 1 0.6 165
Total (n) 8307 81.9 223 2.2 1341 13.2 267 2.6 10138
Note: i. NS= non-current smokers; CS= current smokers; RNS= remained non-current smokers; RCS= remained current smokers. 
ii. *Chi-square tests were performed to test any statistically significant associations between transitions in English language proficiency 
and smoking behaviour.
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4.4.1.5 Changes in smoking behaviour by changes in social participation
Table 20 shows the association between transitions (changes in successive waves) in 
social participation and smoking behaviour for all respondents (overall), and 
separately for three nativity groups. A higher proportion of NB respondents (3.6%) 
than FB from ESC (2.1%) and NESC (2.8%) who experienced change in their social 
participation status from less than once a month to more than once a week also 
experienced change from non-current to current smokers (NS-CS). Whereas, a higher 
proportion of FB from ESC (4.1%) than NB respondents (3.1%) and FB from NESC 
(2.5%) who experienced transition from more than once a week to less than once a 
month also experienced change in smoking behaviour from current to non-current 
smokers (CS-NS).
Table 20: Association between successive transitions in social participation and smoking behaviour for all respondents 
(overall) and separately for three nativity groups. 
Transitions in social participation Transitions in smoking behaviour p-value*
RNS NS-CS RCS CS-NS Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained < once a month 3602 75.7 92 1.9 934 19.6 132 2.8 4760
< once a month - 2544 78.9 63 2.0 549 17.0 68 2.1 3224
< once a month - 1404 70.6 66 3.3 456 22.9 62 3.1 1988
11266 81.1 250 1.8 2015 14.5 353 2.5 13884
- < once a month 2694 77.6 64 1.8 628 18.1 88 2.5 3474
- 7232 79.1 231 2.5 1464 16.0 215 2.4 9142 <0.0001
30881 76.8 948 2.4 7254 18.0 1146 2.9 40229
- < once a month 1452 70.8 48 2.3 486 23.7 65 3.2 2051
- 7697 77.4 231 2.3 1720 17.3 296 3.0 9944
Total (n) 68772 77.5 1993 2.2 15506 17.5 2425 2.7 88696
Native-born (NB)
Remained < once a month 2677 75.2 66 1.9 726 20.4 89 2.5 3558
< once a month - 1879 78.1 47 2.0 428 17.8 52 2.2 2406
< once a month - 1054 68.7 55 3.6 378 24.6 48 3.1 1535
8592 80.6 181 1.7 1618 15.2 275 2.6 10666
- < once a month 2006 77.0 50 1.9 486 18.7 63 2.4 2605
- 5477 78.2 196 2.8 1165 16.6 164 2.3 7002 <0.0001
24131 75.6 765 2.4 6106 19.1 921 2.9 31923
- < once a month 1082 69.0 37 2.4 400 25.5 49 3.1 1568
- 5857 76.3 171 2.2 1405 18.3 239 3.1 7672
Total (n) 52755 76.5 1568 2.3 12712 18.4 1900 2.8 68935
FB from English speaking countries (ESC)
Remained < once a month 420 72.8 18 3.1 120 20.8 19 3.3 577
< once a month - 315 80.6 6 1.5 65 16.6 5 1.3 391
< once a month - 184 76.7 5 2.1 44 18.3 7 2.9 240
1252 83.1 31 2.1 188 12.5 35 2.3 1506
- < once a month 343 80.1 3 0.7 74 17.3 8 1.9 428
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- 828 79.7 16 1.5 164 15.8 31 3.0 1039 0.0002
3532 81.0 90 2.1 622 14.3 119 2.7 4363
- < once a month 180 73.8 7 2.9 47 19.3 10 4.1 244
- 883 79.3 33 3.0 168 15.1 29 2.6 1113
Total (n) 7937 80.2 209 2.1 1492 15.1 263 2.7 9901
FB from non-English speaking countries (NESC)
Remained < once a month 505 80.8 8 1.3 88 14.1 24 3.8 625
< once a month - 350 82.0 10 2.3 56 13.1 11 2.6 427
< once a month - 166 77.9 6 2.8 34 16.0 7 3.3 213
1422 83.1 38 2.2 209 12.2 43 2.5 1712
- < once a month 345 78.2 11 2.5 68 15.4 17 3.9 441
month - 927 84.2 19 1.7 135 12.3 20 1.8 1101 0.4550
3218 81.6 93 2.4 526 13.3 106 2.7 3943
- < once a month 190 79.5 4 1.7 39 16.3 6 2.5 239
- 957 82.6 27 2.3 147 12.7 28 2.4 1159
Total (n) 8080 81.9 216 2.2 1302 13.2 262 2.7 9860
Note: i. NS= non-current smokers; CS= current smokers; RNS= remained non-current smokers; RCS= remained current smokers.
ii. *Chi-square tests were performed to test any statistically significant associations between transitions in social participation and 
smoking behaviour.
4.4.1.6 Changes in smoking behaviour by changes in social club membership
Table 21 shows the association between transitions (changes in successive waves) in 
social club membership and smoking behaviour for all respondents (overall), and 
separately for three nativity groups. A higher proportion of FB from NESC (2.7%) 
than NB respondents (2.6%) and FB from ESC (2.1%) who experienced change in 
their social club membership status from being a member to not being a member also 
experienced change from non-current to current smokers (NS-CS). On the other hand, 
a higher proportion of NB respondents (2.9%) than FB from ESC (2.6%) and NESC 
(1.8%) who experienced transition from not being a member to being a member also 
experienced change in smoking behaviour from current to non-current smokers (CS-
NS).
124
Table 21: Association between successive transitions in social club membership and smoking 




Transitions in smoking behaviour p-value*
RNS NS-CS RCS CS-NS Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained Yes 23008 84.2 483 1.8 3285 12.0 558 2.0 27334
Yes – No 6676 77.5 222 2.6 1452 16.9 260 3.0 8610 <0.0001
Remained No 33417 73.4 1103 2.4 9596 21.1 1398 3.1 45514
No – Yes 6341 78.3 200 2.5 1342 16.6 220 2.7 8103
Total (n) 69442 77.5 2008 2.2 15675 17.5 2436 2.7 89561
Native-born (NB)
Remained Yes 18828 84.0 388 1.7 2755 12.3 442 2.0 22413
Yes – No 5163 76.0 178 2.6 1244 18.3 207 3.1 6792 <0.0001
Remained No 24518 71.7 852 2.5 7728 22.6 1078 3.2 34176
No – Yes 4862 76.9 161 2.6 1122 17.7 181 2.9 6326
Total (n) 53371 76.6 1579 2.3 12849 18.4 1908 2.7 69707
FB from English speaking countries (ESC)
Remained Yes 2570 85.1 54 1.8 328 10.9 67 2.2 3019
Yes – No 768 82.0 20 2.1 119 12.7 30 3.2 937 <0.0001
Remained No 3900 76.5 115 2.3 939 18.4 146 2.9 5100
No – Yes 732 81.5 24 2.7 119 13.3 23 2.6 898
Total (n) 7970 80.1 213 2.1 1505 15.1 266 2.7 9954
FB from non-English speaking countries (NESC)
Remained Yes 1610 84.7 41 2.2 202 10.6 49 2.6 1902
Yes – No 745 84.6 24 2.7 89 10.1 23 2.6 881 <0.0001
Remained No 4999 80.1 136 2.2 929 14.9 174 2.8 6238
No – Yes 747 85.0 15 1.7 101 11.5 16 1.8 879
Total (n) 8101 81.8 216 2.2 1321 13.3 262 2.6 9900
Note: i. NS= non-current smokers; CS= current smokers; RNS= remained non-current smokers; RCS= remained current 
smokers. ii. Yes= current member of social club; No= not a member of social club. iii. *Chi-square tests were performed 
to test any statistically significant associations between transitions in social club membership and smoking behaviour.
4.4.2 Changes in physical activity by changes in explanatory variables
4.4.2.1 Changes in physical activity by changes in marital status
Table 22 shows the association between transitions (changes in successive waves) in 
marital status and physical activity for all respondents (overall), and separately for 
three nativity groups. A higher proportion of FB from ESC (17.2%) than NB 
respondents (13.4%) and FB respondents from NESC (9.6%) who experienced change 
in their marital status from married to single (M-S) also experienced change from 
physically inactive to active (PI-PA). Similarly, a higher proportion of FB from ESC 
(17.3%) than NB respondents (14.0%) and FB from NESC (10.9%) who experienced 
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transition from single to married (S-M) also experienced change in physical activity 
status from physically active to inactive (PA-PI).
Table 22: Association between successive transitions in marital status and physical activity for all 




Transitions in physical activity p-value*
RPI PI-PA RPA PA- PI Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
RM 34035 55.4 6944 11.3 13214 21.5 7250 11.8 61443
M-S 914 55.6 222 13.5 314 19.1 193 11.8 1643 0.0023
RS 14858 54.8 3071 11.3 5926 21.8 3284 12.1 27139
S-M 991 53.8 225 12.2 369 20.0 257 14.0 1842
Total (n) 50798 55.2 10462 11.4 19823 21.5 10984 11.9 92067
Native-born (NB)
RM 26053 55.8 5271 11.3 9920 21.2 5484 11.7 46728
M-S 707 54.6 174 13.4 258 19.9 156 12.1 1295 0.0001
RS 11888 54.0 2522 11.5 4892 22.2 2709 12.3 22011
S-M 822 53.8 182 11.9 310 20.3 213 14.0 1527
Total (n) 39470 55.2 8149 11.4 15380 21.5 8562 12.0 71561
FB from English speaking countries (ESC)
RM 3699 50.3 849 11.6 1893 25.8 907 12.3 7348
M-S 112 58.3 33 17.2 26 13.5 21 10.9 192 0.0002
RS 1358 52.9 265 10.3 665 25.9 278 10.8 2566
S-M 74 49.3 18 12.0 32 21.3 26 17.3 150
Total (n) 5243 51.1 1165 11.4 2616 25.5 1232 12.0 10256
FB from non-English speaking countries (NESC)
RM 4283 58.1 824 11.2 1401 19.0 859 11.7 7367
M-S 95 60.9 15 9.6 30 19.2 16 10.3 156 0.0001
RS 1612 62.9 284 11.1 369 14.4 297 11.6 2562
S-M 95 57.6 25 15.2 27 16.4 18 10.9 165
Total (n) 6085 59.4 1148 11.2 1827 17.8 1190 11.6 10250
Note: i. PI= physically inactive; PA= physically active; RPI= remained physically inactive; RPA= remained physically active.
ii. M=married; S=single; RM= remained married; RS= remained single. iii. *Chi-square tests were performed to test any 
statistically significant associations between transitions in marital status and physical activity.
4.4.2.2 Changes in physical activity by changes in employment status
Table 23 shows the association between transitions (changes in successive waves) in 
employment status and physical activity for all respondents (overall), and separately 
for three nativity groups. A higher proportion of NB respondents (13.1%) than FB 
from ESC (9.1%) and NESC (8.3%) who experienced change in their employment 
status from employed to unemployed also experienced change from physically 
inactive to active (PI-PA). In contrast, a higher proportion of FB from ESC (14.7%) 
than NB respondents (13.4%) and FB from NESC (9.0%) who experienced transition 
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from unemployed to employed also experienced change in physical activity status 
from physically active to inactive (PA-PI).
Table 23: Association between successive transitions in employment status and physical activity for all 
respondents (overall) and separately for three nativity groups. 
Transitions in 
employment status
Transitions in physical activity p-value*
RPI PI-PA RPA PA- PI Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained Employed 29315 54.4 6189 11.5 12054 22.4 6333 11.8 53891
Employed-Unemployed 410 51.9 96 12.2 171 21.7 113 14.3 790
Employed-Not in LF 1701 51.7 474 14.4 679 20.7 434 13.2 3288
Remained Unemployed 291 52.4 67 12.1 100 18.0 97 17.5 555
Unemployed- Employed 540 50.3 158 14.7 236 22.0 139 13.0 1073 <0.0001
Unemployed- Not in LF 347 58.3 66 11.1 95 16.0 87 14.6 595
Remained Not in LF 16387 57.4 3035 10.6 5837 20.4 3314 11.6 28573
Not in LF-Employed 1459 54.0 319 11.8 530 19.6 395 14.6 2703
Not in LF-Unemployed 371 57.3 67 10.4 132 20.4 77 11.9 647
Total (n) 50821 55.2 10471 11.4 19834 21.5 10989 11.9 92115
Native-born (NB)
Remained Employed 23283 54.2 4975 11.6 9657 22.5 5080 11.8 42995
Employed-Unemployed 312 50.6 81 13.1 137 22.2 87 14.1 617
Employed-Not in LF 1341 51.6 379 14.6 526 20.3 351 13.5 2597
Remained Unemployed 202 49.6 50 12.3 82 20.2 73 17.9 407
Unemployed- Employed 414 49.0 118 14.0 200 23.7 113 13.4 845 <0.0001
Unemployed- Not in LF 254 58.7 48 11.1 67 15.5 64 14.8 433
Remained Not in LF 12233 58.1 2204 10.5 4187 19.9 2436 11.6 21060
Not in LF-Employed 1175 54.6 248 11.5 427 19.9 301 14.0 2151
Not in LF-Unemployed 273 55.6 53 10.8 104 21.2 61 12.4 491
Total (n) 39487 55.2 8156 11.4 15387 21.5 8566 12.0 71596
FB from English speaking countries (ESC)
Remained Employed 2786 50.3 634 11.5 1447 26.1 670 12.1 5537
Employed-Unemployed 36 46.8 7 9.1 17 22.1 17 22.1 77
Employed-Not in LF 167 47.9 47 13.5 87 24.9 48 13.8 349
Remained Unemployed 34 60.7 7 12.5 5 8.9 10 17.9 56
Unemployed- Employed 42 44.2 19 20.0 20 21.1 14 14.7 95 <0.0001
Unemployed- Not in LF 38 63.3 7 11.7 8 13.3 7 11.7 60
Remained Not in LF 2002 52.8 402 10.6 969 25.6 416 11.0 3789
Not in LF-Employed 108 44.4 38 15.6 52 21.4 45 18.5 243
Not in LF-Unemployed 34 59.7 5 8.8 12 21.1 6 10.5 57
Total (n) 5247 51.1 1166 11.4 2617 25.5 1233 12.0 10263
FB from non-English speaking countries (NESC)
Remained Employed 3246 60.6 580 10.8 950 17.7 583 10.9 5359
Employed-Unemployed 62 64.6 8 8.3 17 17.7 9 9.4 96
Employed-Not in LF 193 56.4 48 14.0 66 19.3 35 10.2 342
Remained Unemployed 55 59.8 10 10.9 13 14.1 14 15.2 92
Unemployed- Employed 84 63.2 21 15.8 16 12.0 12 9.0 133 0.1524
Unemployed- Not in LF 55 53.9 11 10.8 20 19.6 16 15.7 102
Remained Not in LF 2152 57.8 429 11.5 681 18.3 462 12.4 3724
Not in LF-Employed 176 57.0 33 10.7 51 16.5 49 15.9 309
Not in LF-Unemployed 64 64.7 9 9.1 16 16.2 10 10.1 99
Total (n) 6087 59.4 1149 11.2 1830 17.8 1190 11.6 10256
Note: i. PI= physically inactive; PA= physically active; RPI= remained physically inactive; RPA= remained physically active.
ii. LF=labour force. iii. *Chi-square tests were performed to test any statistically significant associations between transitions in 
employment status and physical activity.
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4.4.2.3 Changes in physical activity by changes in household equivalised income
Table 24 shows the association between transitions (changes in successive waves) in 
household equivalised income and physical activity for all respondents (overall), and 
separately for three nativity groups. A similar proportion of NB respondents (11.6%), 
FB from ESC (11.8%), and NESC (11.6%) who experienced increased household 
equivalised income over time also experienced change from physically inactive to 
active (PI-PA). On the other hand, a higher proportion of NB respondents (12.1%) and 
FB from ESC (12.1%) than FB from NESC (11.8%) who experienced income 
decreased over time also experienced change in physical activity status from 
physically active to inactive (PA-PI).
Table 24: Association between successive transitions in household equivalised income and physical activity for all 
respondents (overall) and separately for three nativity groups. 
Transitions in household
equivalised income
Transitions in physical activity p-value*
RPI PI-PA RPA PA- PI Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Income increased by 10 per cent 21191 54.6 4510 11.6 8493 21.9 4633 11.9 38827
Income decreased by 10 per cent 12721 54.2 2703 11.5 5213 22.2 2821 12.0 23458 <0.0001
No change in income 16909 56.7 3258 10.9 6128 20.5 3535 11.9 29830
Total (n) 50821 55.2 10471 11.4 19834 21.5 10989 11.9 92115
Native-born (NB)
Income increased by 10 per cent 16445 54.5 3501 11.6 6633 22.0 3614 12.0 30193
Income decreased by 10 per cent 9776 54.2 2071 11.5 4005 22.2 2172 12.1 18024 <0.0001
No change in income 13266 56.7 2584 11.1 4749 20.3 2780 11.9 23379
Total (n) 39487 55.2 8156 11.4 15387 21.5 8566 12.0 71596
FB from English speaking countries (ESC)
Income increased by 10 per cent 2180 50.5 508 11.8 1109 25.7 523 12.1 4320
Income decreased by 10 per cent 1383 50.1 327 11.8 718 26.0 334 12.1 2762 0.2574
No change in income 1684 52.9 331 10.4 790 24.8 376 11.8 3181
Total (n) 5247 51.1 1166 11.4 2617 25.5 1233 12.0 10263
FB from non-English speaking countries (NESC)
Income increased by 10 per cent 2566 59.5 501 11.6 751 17.4 496 11.5 4314
Income decreased by 10 per cent 1562 58.5 305 11.4 490 18.3 315 11.8 2672 0.7061
No change in income 1959 59.9 343 10.5 589 18.0 379 11.6 3270
Total (n) 6087 59.4 1149 11.2 1830 17.8 1190 11.6 10256
Note: i. PI= physically inactive; PA= physically active; RPI= remained physically inactive; RPA= remained physically active.
ii. *Chi-square tests were performed to test any statistically significant associations between transitions in household equivalised 
income and physical activity.
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4.4.2.4 Changes in physical activity by changes in English language proficiency
Table 25 shows the association between transitions (changes in successive waves) in 
English language proficiency and physical activity for all respondents (overall), and 
separately for three nativity groups. Approximately 10.7% of FB from NESC, who 
reported change in their English language proficiency from proficient to very well/well 
also experienced changes in physical activity status from physically inactive to active 
(PI-PA). In contrast, 12.6% of them, who improved their English language from very 
well/well to proficient also experienced changes from physically active to inactive 
(PA-PI).
Table 25: Association between successive transitions in English language proficiency and physical activity for all 
respondents (overall) and FB from NESC. 
Transitions in English language 
proficiency
Transitions in physical activity p-value*
RPI PI-PA RPA PA- PI Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained Proficient 45331 54.6 9485 11.4 18298 22.0 9982 12.0 83096
Proficient -Very well/well 627 56.3 120 10.8 222 20.0 144 12.9 1113
Proficient - Not well/not at all 9 50.0 6 33.3 0 0.0 3 16.7 18
Remained Very well/well 3714 62.0 647 10.8 993 16.6 638 10.7 5992
Very well/well - Proficient 606 55.7 134 12.3 224 20.6 124 11.4 1088 <0.0001
Very well/well - Not well/not at all 114 64.8 14 8.0 24 13.6 24 13.6 176
Remained Not well/not at all 296 66.8 46 10.4 47 10.6 54 12.2 443
Not well/not at all - Proficient 12 63.2 6 31.6 0 0.0 1 5.3 19
Not well/not at all - Very well/well 110 66.3 12 7.2 25 15.1 19 11.5 166
Total (n) 50819 55.2 10470 11.4 19833 21.5 10989 11.9 92111
FB from non-English speaking countries (NESC)
Remained Proficient 1810 54.3 396 11.9 711 21.3 418 12.5 3335
Proficient -Very well/well 350 56.5 66 10.7 121 19.5 83 13.4 620
Proficient - Not well/not at all 7 50.0 5 35.7 0 0.0 2 14.3 14
Remained Very well/well 3054 62.6 532 10.9 781 16.0 512 10.5 4879
Very well/well - Proficient 340 55.7 73 12.0 120 19.7 77 12.6 610 <0.0001
Very well/well - Not well/not at all 112 64.4 14 8.1 24 13.8 24 13.8 174
Remained Not well/not at all 294 66.7 46 10.4 47 10.7 54 12.2 441
Not well/not at all - Proficient 11 68.8 4 25.0 0 0.0 1 6.3 16
Not well/not at all - Very well/well 107 65.6 12 7.4 25 15.3 19 11.7 163
Total (n) 6085 59.4 1148 11.2 1829 17.8 1190 11.6 10252
Note: i. PI= physically inactive; PA= physically active; RPI= remained physically inactive; RPA= remained physically active. 
ii. *Chi-square tests were performed to test any statistically significant associations between transitions in English language 
proficiency and physical activity.
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4.4.2.5 Changes in physical activity by changes in social participation
Table 26 shows the association between transitions (changes in successive waves) in 
social participation and physical activity for all respondents (overall), and separately 
for three nativity groups. A higher proportion of FB from ESC (12.8%) than the NB 
respondents (12.5%) and FB from NESC (12.5%) who experienced change in their 
social participation status from less than once a month to more than once a week also 
experienced change from physically inactive to active (PI-PA). Whereas, a higher 
proportion of FB from NESC (14.9%) than NB respondents (13.2%) and FB from ESC 
(13.3%) who experienced transitions from more than once a week to less than once a 
month also experienced change in physical activity status from physically active to 
inactive (PA-PI).
Table 26: Association between successive transitions in social participation and physical activity for all respondents 
(overall) and separately for three nativity groups. 
Transitions in social participation Transitions in physical activity p-value*
RPI PI-PA RPA PA- PI Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained < once a month 2814 58.3 501 10.4 958 19.9 553 11.5 4826
< once a month - 1884 57.8 383 11.7 626 19.2 369 11.3 3262
< once a month - 1124 55.8 252 12.5 378 18.8 261 13.0 2015
8104 57.9 1501 10.7 2862 20.4 1537 11.0 14004
- < once a month 2018 57.4 381 10.8 705 20.1 413 11.7 3517
- 5106 55.3 1167 12.6 1886 20.4 1074 11.6 9233 <0.0001
21555 53.1 4670 11.5 9514 23.4 4889 12.0 40628
- < once a month 1183 56.8 238 11.4 382 18.4 279 13.4 2082
- 5600 55.7 1115 11.1 2017 20.1 1318 13.1 10050
Total (n) 49388 55.1 10208 11.4 19328 21.6 10693 11.9 89617
Native-born (NB)
Remained < once a month 2118 58.7 369 10.2 714 19.8 409 11.3 3610
< once a month - 1397 57.4 286 11.7 478 19.6 275 11.3 2436
< once a month - 875 56.2 194 12.5 282 18.1 206 13.2 1557
6243 58.0 1158 10.8 2175 20.2 1184 11.0 10760
- < once a month 1510 57.1 298 11.3 527 19.9 308 11.7 2643
- 3903 55.2 903 12.8 1437 20.3 831 11.8 7074 <0.0001
17091 53.1 3701 11.5 7539 23.4 3888 12.1 32219
- < once a month 905 57.1 187 11.8 285 18.0 209 13.2 1586
- 4339 55.9 852 11.0 1543 19.9 1026 13.2 7760
Total (n) 38381 55.1 7948 11.4 14980 21.5 8336 12.0 69645
FB from English speaking countries (ESC)
Remained < once a month 350 60.9 48 8.4 112 19.5 65 11.3 575
< once a month - 226 57.1 49 12.4 77 19.4 44 11.1 396
< once a month - 117 48.4 31 12.8 64 26.5 30 12.4 242
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806 53.1 159 10.5 378 24.9 176 11.6 1519
- < once a month 245 56.6 43 9.9 92 21.3 53 12.2 433
- 526 50.0 138 13.1 262 24.9 126 12.0 1052 <0.0001
2148 48.6 509 11.5 1229 27.8 535 12.1 4421
- < once a month 125 50.4 26 10.5 64 25.8 33 13.3 248
- 552 49.2 143 12.8 285 25.4 142 12.7 1122
Total (n) 5095 50.9 1146 11.5 2563 25.6 1204 12.0 10008
FB from non-English speaking countries (NESC)
Remained < once a month 346 54.0 84 13.1 132 20.6 79 12.3 641
< once a month - 261 60.7 48 11.2 71 16.5 50 11.6 430
< once a month - 132 61.1 27 12.5 32 14.8 25 11.6 216
1055 61.2 184 10.7 309 17.9 177 10.3 1725
- < once a month 263 59.6 40 9.1 86 19.5 52 11.8 441
- 677 61.2 126 11.4 187 16.9 117 10.6 1107 0.1142
week 2316 58.1 460 11.5 746 18.7 466 11.7 3988
- < once a month 153 61.7 25 10.1 33 13.3 37 14.9 248
- 709 60.7 120 10.3 189 16.2 150 12.8 1168
Total (n) 5912 59.3 1114 11.2 1785 17.9 1153 11.6 9964
Note: i. PI= physically inactive; PA= physically active; RPI= remained physically inactive; RPA= remained physically active. ii. *Chi-
square tests were performed to test any statistically significant associations between transitions in social participation and physical 
activity.
4.4.2.6 Changes in physical activity by changes in social club membership
Table 27 shows the association between transitions (changes in successive waves) in 
social club membership and physical activity for all respondents (overall), and 
separately for three nativity groups. A higher proportion of FB from NESC (11.8%) 
than NB respondents (10.7%) and FB from ESC (10.7%) who experienced change in 
their social club membership status from being a member to not being a member also 
experienced change from physically inactive to active (PI-PA). On the other hand, a
higher proportion of NB respondents (11.6%) than FB from ESC (10.4%) and NESC 
(10.9%) who experienced transition from not being a member to being a member also 
experienced change in physical activity status from physically active to inactive (PA-
PI).
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Table 27: Association between successive transitions in social club membership and physical activity 




Transitions in physical activity p-value*
RPI PI-PA RPA PA- PI Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained Yes 13453 48.6 3251 11.8 7573 27.4 3394 12.3 27671
Yes – No 4734 54.5 940 10.8 1788 20.6 1223 14.1 8685 <0.0001
Remained No 27294 59.4 5015 10.9 8393 18.3 5240 11.4 45942
No – Yes 4397 53.8 1086 13.3 1752 21.5 933 11.4 8168
Total (n) 49878 55.1 10292 11.4 19506 21.6 10790 11.9 90466
Native-born (NB)
Remained Yes 11116 49.0 2655 11.7 6147 27.1 2777 12.2 22695
Yes – No 3734 54.5 735 10.7 1414 20.6 969 14.1 6852 <0.0001
Remained No 20538 59.6 3790 11.0 6220 18.0 3942 11.4 34490
No – Yes 3420 53.6 855 13.4 1365 21.4 743 11.6 6383
Total (n) 38808 55.1 8035 11.4 15146 21.5 8431 12.0 70420
FB from English speaking countries (ESC)
Remained Yes 1329 43.7 371 12.2 964 31.7 381 12.5 3045
Yes – No 483 51.0 101 10.7 232 24.5 132 13.9 948 <0.0001
Remained No 2857 55.4 564 10.9 1137 22.0 600 11.6 5158
No – Yes 462 50.9 112 12.4 239 26.4 94 10.4 907
Total (n) 5131 51.0 1148 11.4 2572 25.6 1207 12.0 10058
FB from non-English speaking countries (NESC)
Remained Yes 1008 52.2 225 11.7 462 23.9 236 12.2 1931
Yes – No 517 58.4 104 11.8 142 16.1 122 13.8 885 <0.0001
Remained No 3899 62.0 661 10.5 1036 16.5 698 11.1 6294
No – Yes 515 58.7 119 13.6 148 16.9 96 10.9 878
Total (n) 5939 59.5 1109 11.1 1788 17.9 1152 11.5 9988
Note: i. PI= physically inactive; PA= physically active; RPI= remained physically inactive; RPA= remained physically active. 
ii. Yes= current member of social club; No= not a member of social club. iii. *Chi-square tests were performed to test any 
statistically significant associations between transitions in social club membership and physical activity.
4.4.3 Changes in alcohol consumption by changes in explanatory variables
4.4.3.1 Changes in alcohol consumption by changes in marital status
Table 28 shows the association between transitions (changes in successive waves) in 
marital status and alcohol consumption for all respondents (overall), and separately for 
three nativity groups. A higher proportion of NB respondents (11.2%) than FB from 
ESC (10.4%) and NESC (7.2%) who experienced change in their marital status from 
married to single (M-S) also experienced change from never/non- risky to risky 
drinkers (ND-D). Similarly, a higher proportion of NB respondents (13.2%) than FB 
from ESC (11.5%) and FB from NESC (11.2%) who experienced transition from 
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single to married (S-M) also experienced change in alcohol consumption status from
risky to never/non-risky drinkers (D-ND).
Table 28: Association between successive transitions in marital status and alcohol consumption for 




Transitions in alcohol consumption p-value*
RND ND-D RD D-ND Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
RM 36216 59.7 4114 6.8 16005 26.4 4286 7.1 60621
M-S 769 47.5 174 10.8 539 33.3 136 8.4 1618 <0.0001
RS 13936 52.2 1957 7.3 8865 33.2 1917 7.2 26675
S-M 626 34.5 167 9.2 790 43.5 234 12.9 1817
Total (n) 51547 56.8 6412 7.1 26199 28.9 6573 7.2 90731
Native-born (NB)
RM 26562 57.6 3212 7.0 12947 28.1 3380 7.3 46101
M-S 577 45.3 143 11.2 444 34.9 110 8.6 1274 <0.0001
RS 10658 49.2 1634 7.6 7757 35.8 1596 7.4 21645
S-M 481 31.9 140 9.3 688 45.6 199 13.2 1508
Total (n) 38278 54.3 5129 7.3 21836 31.0 5285 7.5 70528
FB from English speaking countries (ESC)
RM 4218 58.0 519 7.1 2027 27.9 512 7.0 7276
M-S 90 46.9 20 10.4 64 33.3 18 9.4 192 <0.0001
RS 1484 58.7 158 6.3 728 28.8 160 6.3 2530
S-M 60 40.5 12 8.1 59 39.9 17 11.5 148
Total (n) 5852 57.7 709 7.0 2878 28.4 707 7.0 10146
FB from non-English speaking countries (NESC)
RM 5436 75.0 383 5.3 1031 14.2 394 5.4 7244
M-S 102 67.1 11 7.2 31 20.4 8 5.3 152 <0.0001
RS 1794 71.8 165 6.6 380 15.2 161 6.4 2500
S-M 85 52.8 15 9.3 43 26.7 18 11.2 161
Total (n) 7417 73.7 574 5.7 1485 14.8 581 5.8 10057
Note: i. ND= never/non-risky drinkers; D= risky drinkers; RND= remained never/non-risky drinkers; RD= remained risky 
drinkers. ii. M=married; S=single; RM= remained married; RS= remained single. iii. *Chi-square tests were performed to 
test any statistically significant associations between transitions in marital status and alcohol consumption.
4.4.3.2 Changes in alcohol consumption by changes in employment status
Table 29 shows the association between transitions (changes in successive waves) in
employment status and alcohol consumption for all respondents (overall), and 
separately for three nativity groups. A higher proportion of FB from NESC (8.4%) 
than NB respondents (8.2%) and FB from ESC (6.5%) who experienced change in 
their employment status from employed to unemployed also experienced change in 
their alcohol consumption status from never/non-risky to risky drinkers (ND-D). In 
contrast, a higher proportion of NB respondents (9.4%) than FB from ESC (7.5%) and 
NESC (8.3%) who experienced transition from unemployed to employed also 
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experienced change in alcohol consumption status from risky to never/non-risky 
drinkers (D-ND).
Table 29: Association between successive transitions in employment status and alcohol consumption for all 
respondents (overall) and separately for three nativity groups. 
Transitions in 
employment status
Transitions in alcohol consumption p-value*
RND ND-D RD D-ND Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained Employed 26288 49.2 4293 8.0 18476 34.6 4426 8.3 53483
Employed-Unemployed 327 41.8 63 8.1 339 43.3 54 6.9 783
Employed-Not in LF 1950 60.2 213 6.6 811 25.0 265 8.2 3239
Remained Unemployed 215 39.2 56 10.2 236 43.0 42 7.7 549
Unemployed- Employed 415 38.9 95 8.9 459 43.1 97 9.1 1066 <0.0001
Unemployed- Not in LF 292 49.3 44 7.4 203 34.3 53 9.0 592
Remained Not in LF 20258 73.0 1373 5.0 4708 17.0 1410 5.1 27749
Not in LF-Employed 1506 56.3 228 8.5 758 28.3 184 6.9 2676
Not in LF-Unemployed 318 49.6 51 8.0 222 34.6 50 7.8 641
Total (n) 51569 56.8 6416 7.1 26212 28.9 6581 7.2 90778
Native-born (NB)
Remained Employed 20005 46.9 3510 8.2 15514 36.4 3638 8.5 42667
Employed-Unemployed 229 37.5 50 8.2 293 48.0 39 6.4 611
Employed-Not in LF 1485 58.1 174 6.8 681 26.6 217 8.5 2557
Remained Unemployed 126 30.9 45 11.0 204 50.0 33 8.1 408
Unemployed- Employed 291 34.7 69 8.2 400 47.7 79 9.4 839 <0.0001
Unemployed- Not in LF 183 42.7 34 7.9 167 38.9 45 10.5 429
Remained Not in LF 14632 71.6 1026 5.0 3737 18.3 1044 5.1 20439
Not in LF-Employed 1139 53.5 182 8.6 651 30.6 156 7.3 2128
Not in LF-Unemployed 204 42.2 42 8.7 200 41.3 38 7.9 484
Total (n) 38294 54.3 5132 7.3 21847 31.0 5289 7.5 70562
FB from English speaking countries (ESC)
Remained Employed 2614 47.5 439 8.0 2018 36.6 436 7.9 5507
Employed-Unemployed 36 46.8 5 6.5 31 40.3 5 6.5 77
Employed-Not in LF 220 63.0 24 6.9 81 23.2 24 6.9 349
Remained Unemployed 26 51.0 5 9.8 16 31.4 4 7.8 51
Unemployed- Employed 37 39.4 14 14.9 36 38.3 7 7.5 94 <0.0001
Unemployed- Not in LF 30 49.2 3 4.9 26 42.6 2 3.3 61
Remained Not in LF 2714 73.1 193 5.2 590 15.9 217 5.8 3714
Not in LF-Employed 144 59.5 24 9.9 64 26.5 10 4.1 242
Not in LF-Unemployed 33 56.9 3 5.2 17 29.3 5 8.6 58
Total (n) 5854 57.7 710 7.0 2879 28.4 710 7.0 10153
FB from non-English speaking countries (NESC)
Remained Employed 3669 69.1 344 6.5 944 17.8 352 6.6 5309
Employed-Unemployed 62 65.3 8 8.4 15 15.8 10 10.5 95
Employed-Not in LF 245 73.6 15 4.5 49 14.7 24 7.2 333
Remained Unemployed 63 70.0 6 6.7 16 17.8 5 5.6 90
Unemployed- Employed 87 65.4 12 9.0 23 17.3 11 8.3 133 <0.0001
Unemployed- Not in LF 79 77.5 7 6.9 10 9.8 6 5.9 102
Remained Not in LF 2912 81.0 154 4.3 381 10.6 149 4.1 3596
Not in LF-Employed 223 72.9 22 7.2 43 14.1 18 5.9 306
Not in LF-Unemployed 81 81.8 6 6.1 5 5.1 7 7.1 99
Total (n) 7421 73.7 574 5.7 1486 14.8 582 5.8 10063
Note: i. ND= never/non-risky drinkers; D= risky drinkers; RND= remained never/non-risky drinkers; RD= remained risky drinkers.
ii. LF=labour force. iii. *Chi-square tests were performed to test any statistically significant associations between transitions in 
employment status and alcohol consumption.
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4.4.3.3 Changes in alcohol consumption by changes in household equivalised income
Table 30 shows the association between transitions (changes in successive waves) in 
household equivalised income and alcohol consumption for all respondents (overall), 
and separately for three nativity groups. A higher proportion of NB respondents (7.5%) 
than FB from ESC (7.2%) and NESC (6.3%) who experienced increased household 
equivalised income over time also experienced change from never/non-risky to risky 
drinkers (ND-D). Similarly, a higher proportion of NB respondents (7.6%) than FB 
from ESC (7.0%) and NESC (6.1%) who experienced income decreased over time also 
experienced change in alcohol consumption status from risky to never/non-risky 
drinkers (D-ND).
Table 30: Association between successive transitions in household equivalised income and alcohol 
consumption for all respondents (overall) and separately for three nativity groups. 
Transitions in household 
equivalised income
Transitions in alcohol consumption p-value*
RND ND-D RD D-ND Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Income increased by 10 per cent 20778 54.2 2814 7.3 11861 30.9 2899 7.6 38352
Income decreased by 10 per cent 13144 56.8 1640 7.1 6649 28.7 1701 7.4 23134 <0.0001
No change in income 17647 60.3 1962 6.7 7702 26.3 1981 6.8 29292
Total (n) 51569 56.8 6416 7.1 26212 28.9 6581 7.2 90778
Native-born (NB)
Income increased by 10 per cent 15366 51.5 2238 7.5 9865 33.1 2352 7.9 29821
Income decreased by 10 per cent 9634 54.2 1310 7.4 5482 30.8 1349 7.6 17775 <0.0001
No change in income 13294 57.9 1584 6.9 6500 28.3 1588 6.9 22966
Total (n) 38294 54.3 5132 7.3 21847 31.0 5289 7.5 70562
FB from English speaking countries (ESC)
Income increased by 10 per cent 2353 55.0 309 7.2 1313 30.7 307 7.2 4282
Income decreased by 10 per cent 1595 58.3 184 6.7 766 28.0 192 7.0 2737 <0.0001
No change in income 1906 60.8 217 6.9 800 25.5 211 6.7 3134
Total (n) 5854 57.7 710 7.0 2879 28.4 710 7.0 10153
FB from non-English speaking countries (NESC)
Income increased by 10 per cent 3059 72.0 267 6.3 683 16.1 240 5.7 4249
Income decreased by 10 per cent 1915 73.0 146 5.6 401 15.3 160 6.1 2622 0.0002
No change in income 2447 76.7 161 5.0 402 12.6 182 5.7 3192
Total (n) 7421 73.7 574 5.7 1486 14.8 582 5.8 10063
Note: i. ND= never/non-risky drinkers; D= risky drinkers; RND= remained never/non-risky drinkers; RD= remained risky drinkers.
ii. *Chi-square tests were performed to test any statistically significant associations between transitions in household equivalised 
income and alcohol consumption.
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4.4.3.4 Changes in alcohol consumption by changes in English language proficiency
Table 31 shows the association between transitions (changes in successive waves) in 
English language proficiency and alcohol consumption for all respondents (overall), 
and separately for three nativity groups. About 5.8% of FB from NESC who reported 
change in their English language proficiency from proficient to very well/well also 
experienced change in alcohol consumption status from never/non-risky to risky 
drinkers (ND-D). In contrast, 6.7% of them, who improved their English language 
from very well/well to proficient also experienced changes from risky to never/non-
risky drinkers (D-ND).
Table 31: Association between successive transitions in English language proficiency and alcohol consumption for 
all respondents (overall) and FB from NESC. 
Transitions in English language
proficiency
Transitions in alcohol consumption p-value*
RND ND-D RD D-ND Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained Proficient 45091 55.1 5879 7.2 24908 30.4 6038 7.4 81916
Proficient -Very well/well 717 65.6 75 6.9 225 20.6 76 7.0 1093
Proficient - Not well/not at all 9 50.0 2 11.1 6 33.3 1 5.6 18
Remained Very well/well 4387 74.4 337 5.7 819 13.9 351 6.0 5894
Very well/well - Proficient 670 62.7 87 8.2 229 21.4 82 7.7 1068 <0.0001
Very well/well - Not well/not at all 147 86.5 10 5.9 4 2.4 9 5.3 170
Remained Not well/not at all 390 89.9 15 3.5 14 3.2 15 3.5 434
Not well/not at all - Proficient 13 76.5 0 0.0 2 11.8 2 11.8 17
Not well/not at all - Very well/well 141 86.0 11 6.7 5 3.1 7 4.3 164
Total (n) 51565 56.8 6416 7.1 26212 28.9 6581 7.2 90774
FB from non-English speaking countries (NESC)
Remained Proficient 2186 66.5 206 6.3 677 20.6 216 6.6 3285
Proficient -Very well/well 425 70.6 35 5.8 98 16.3 44 7.3 602
Proficient - Not well/not at all 8 57.1 2 14.3 3 21.4 1 7.1 14
Remained Very well/well 3715 77.6 249 5.2 575 12.0 249 5.2 4788
Very well/well - Proficient 400 67.2 46 7.7 109 18.3 40 6.7 595 <0.0001
Very well/well - Not well/not at all 145 86.3 10 6.0 4 2.4 9 5.4 168
Remained Not well/not at all 388 89.8 15 3.5 14 3.2 15 3.5 432
Not well/not at all - Proficient 12 85.7 0 0.0 1 7.1 1 7.1 14
Not well/not at all - Very well/well 138 85.7 11 6.8 5 3.1 7 4.4 161
Total (n) 7417 73.7 574 5.7 1486 14.8 582 5.8 10059
Note: i. ND= never/non-risky drinkers; D= risky drinkers; RND= remained never/non-risky drinkers; RD= remained risky drinkers.
ii. *Chi-square tests were performed to test any statistically significant associations between transitions in English language 
proficiency and alcohol consumption.
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4.4.3.5 Changes in alcohol consumption by changes in social participation
Table 32 shows the association between transitions (changes in successive waves) in 
social participation and alcohol consumption for all respondents (overall), and 
separately for three nativity groups. A higher proportion of NB respondents (8.3%) 
than FB from ESC (7.6%) and NESC (4.7%) who experienced change in their social 
participation status from less than once a month to more than once a week also 
experienced change in their alcohol consumption status from never/non-risky to risky 
drinkers (ND-D). Whereas, a higher proportion of FB from ESC (9.1%) than NB 
respondents (8.6%) and FB from NESC (6.6%) who experienced transition from more 
than once a week to less than once a month also experienced change in alcohol 
consumption status from risky to never/non-risky drinkers (D-ND).
Table 32: Association between successive transitions in social participation and alcohol consumption for all 
respondents (overall) and separately for three nativity groups. 
Transitions in social participation Transitions in alcohol consumption p-value*
RND ND-D RD D-ND Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained < once a month 3076 65.0 289 6.1 1082 22.9 285 6.0 4732
< once a month - month 2002 61.8 215 6.6 796 24.6 226 7.0 3239
< once a month - 1164 58.9 154 7.8 537 27.2 122 6.2 1977
8195 59.3 974 7.1 3660 26.5 995 7.2 13824
- < once a month 2081 60.0 261 7.5 862 24.9 264 7.6 3468
- 5214 57.3 663 7.3 2531 27.8 697 7.7 9105 <0.0001
21521 53.7 2899 7.2 12786 31.9 2880 7.2 40086
- < once a month 1235 60.7 118 5.8 511 25.1 171 8.4 2035
once in a week - 5566 56.2 697 7.0 2844 28.7 797 8.1 9904
Total (n) 50054 56.6 6270 7.1 25609 29.0 6437 7.3 88370
Native-born (NB)
Remained < once a month 2242 63.5 210 6.0 865 24.5 212 6.0 3529
< once a month - 1438 59.6 169 7.0 631 26.1 176 7.3 2414
< once a month - 853 55.9 126 8.3 452 29.6 96 6.3 1527
6125 57.6 766 7.2 2949 27.7 790 7.4 10630
- < once a month 1516 58.3 201 7.7 687 26.4 198 7.6 2602
- 3816 54.7 520 7.5 2075 29.7 565 8.1 6976 <0.0001
16177 50.9 2368 7.4 10911 34.3 2353 7.4 31809
- < once a month 885 57.1 93 6.0 440 28.4 133 8.6 1551
week - 4097 53.6 558 7.3 2332 30.5 655 8.6 7642
Total (n) 37149 54.1 5011 7.3 21342 31.1 5178 7.5 68680
FB from English speaking countries (ESC)
Remained < once a month 343 60.4 43 7.6 142 25.0 40 7.0 568
< once a month - a month 246 62.4 17 4.3 105 26.7 26 6.6 394
< once a month - 149 62.9 18 7.6 54 22.8 16 6.8 237
832 55.1 114 7.5 456 30.2 109 7.2 1511
- < once a month 245 57.2 36 8.4 110 25.7 37 8.6 428
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- 608 58.2 73 7.0 299 28.6 65 6.2 1045 0.1671
2492 57.1 309 7.1 1258 28.8 305 7.0 4364
- < once a month 152 62.6 15 6.2 54 22.2 22 9.1 243
- month 636 56.9 72 6.5 334 29.9 75 6.7 1117
Total (n) 5703 57.6 697 7.0 2812 28.4 695 7.0 9907
FB from non-English speaking countries (NESC)
Remained < once a month 491 77.3 36 5.7 75 11.8 33 5.2 635
< once a month - 318 73.8 29 6.7 60 13.9 24 5.6 431
< once a month - 162 76.1 10 4.7 31 14.6 10 4.7 213
1238 73.6 94 5.6 255 15.2 96 5.7 1683
- < once a month 320 73.1 24 5.5 65 14.8 29 6.6 438
- once in a week 790 72.9 70 6.5 157 14.5 67 6.2 1084 0.3267
2852 72.9 222 5.7 617 15.8 222 5.7 3913
- < once a month 198 82.2 10 4.2 17 7.1 16 6.6 241
- 833 72.8 67 5.9 178 15.6 67 5.9 1145
Total (n) 7202 73.6 562 5.7 1455 14.9 564 5.8 9783
Note: i. ND= never/non-risky drinkers; D= risky drinkers; RND= remained never/non-risky drinkers; RD= remained risky drinkers.
ii. *Chi-square tests were performed to test any statistically significant associations between transitions in social participation and 
alcohol consumption.
4.4.3.6 Changes in alcohol consumption by changes in social club membership
Table 33 shows the association between transitions (changes in successive waves) in 
social club membership and alcohol consumption for all respondents (overall), and 
separately for three nativity groups. A higher proportion of NB respondents (7.4%) 
than FB from ESC (6.7%) and NESC (5.8%) who experienced change in their social 
club membership status from being a member to not being a member also experienced 
changes from never/non-risky to risky drinkers (ND-D). Similarly, a higher proportion 
of NB respondents (7.4%) than FB from ESC (6.2%) and NESC (7.2%) who 
experienced transition from not being a member to being a member also experienced 
change in alcohol consumption status from risky to never/non-risky drinkers (D-ND).
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Table 33: Association between successive transitions in social club membership and alcohol 




Transitions in alcohol consumption p-value*
RND ND-D RD D-ND Total (n)
n Row % n Row % n Row % n Row %
Overall (combined NB, FB from ESC and NESC)
Remained Yes 15719 57.6 1828 6.7 7913 29.0 1830 6.7 27290
Yes – No 4743 55.4 610 7.1 2484 29.0 722 8.4 8559 <0.0001
Remained No 25626 56.6 3256 7.2 13081 28.9 3334 7.4 45297
No – Yes 4505 55.8 615 7.6 2369 29.3 585 7.3 8074
Total (n) 50593 56.7 6309 7.1 25847 29.0 6471 7.3 89220
Native-born (NB)
Remained Yes 12595 56.3 1505 6.7 6758 30.2 1517 6.8 22375
Yes – No 3579 53.0 497 7.4 2094 31.0 583 8.6 6753 <0.0001
Remained No 18143 53.3 2541 7.5 10702 31.5 2633 7.7 34019
No – Yes 3344 53.0 504 8.0 1997 31.6 467 7.4 6312
Total (n) 37661 54.2 5047 7.3 21551 31.0 5200 7.5 69459
FB from English speaking countries (ESC)
Remained Yes 1756 58.3 207 6.9 841 27.9 209 6.9 3013
Yes – No 553 58.9 63 6.7 248 26.4 75 8.0 939 0.5286
Remained No 2873 56.4 370 7.3 1493 29.3 362 7.1 5098
No – Yes 533 59.1 61 6.8 252 27.9 56 6.2 902
Total (n) 5715 57.4 701 7.0 2834 28.5 702 7.1 9952
FB from non-English speaking countries (NESC)
Remained Yes 1368 71.9 116 6.1 314 16.5 104 5.5 1902
Yes – No 611 70.5 50 5.8 142 16.4 64 7.4 867 0.0357
Remained No 4610 74.6 345 5.6 886 14.3 339 5.5 6180
No – Yes 628 73.0 50 5.8 120 14.0 62 7.2 860
Total (n) 7217 73.6 561 5.7 1462 14.9 569 5.8 9809
Note: i. ND= never/non-risky drinkers; D= risky drinkers; RND= remained never/non-risky drinkers. ii. Yes= current 
member of social club; No= not a member of social club. iii. *Chi-square tests were performed to test any statistically 
significant associations between transitions in social club membership and alcohol consumption.
4.5 Summary of descriptive analysis
The descriptive analysis in this chapter is based on the cross-sectional associations 
between nativity status and socio-demographic background characteristics at wave 
one. Differences in background characteristics has been identified across the nativity 
groups and key health behaviours (tobacco smoking, physical activity and alcohol 
drinking), as shown in the respective tables. There were more females than males in 
case of both NB and FB groups. Most of the respondents were between 30 to 44 years 
of age across all nativity groups. Immigrants from NESC were disadvantaged with 
respect to employment status, household equivalised income and social 
participation/membership, however, were more likely to be educated at university 
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level when compared with NB respondents and immigrants from ESC. Immigrants 
from NESC had poor English language ability than other nativity groups. A significant 
bivariate associations was found between the demographic variables such as sex and 
age and health behaviours. Moreover, this chapter also examined the association 
between transitions (i.e., over time changes) in various time-varying variables with 
transitions in health behaviours (outcome variables). A reasonable amount of ‘within 
individual’ changes (transitions) were observed in case of all the time-varying 
variables used in this thesis. Additionally, a statistically significant associations were 
found between the transitions in various time-varying explanatory variables and health 
behaviours across the nativity groups with an exception for few cases. Therefore, the 
subsequent chapters address these observed bivariate associations between 
explanatory and outcome variables in more detail utilizing a series of multilevel 
regression analyses based on twelve waves of longitudinal HILDA survey data.
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CHAPTER 5: SMOKING BEHAVIOUR
5.1 Introduction
This chapter describes the results for tobacco smoking behaviour (considered as a 
binary outcome) based on the twelve waves of panel data from the HILDA survey as 
one of the primary research question of this thesis. First, the specific research questions 
for this chapter are outlined. Second, the observed trends in smoking behaviour by 
nativity status / country of birth (CoB), duration of residence (DoR) and age at arrival 
(AA) across all the waves are also illustrated and described. Third, the results obtained 
from the multilevel mixed (hybrid) logistic regression models (details in the research 
methodology chapter) are presented and described to investigate the nature of the 
associations between nativity, DoR and smoking behaviour in the Australian context. 
Finally, the results are interpreted, discussed, and explained by comparing with 
findings from earlier research. Some methodological limitations for smoking 
behaviour measures and suggestions for future research are referred to where 
appropriate in the discussion section.
Specific research questions
This chapter addresses the following four specific research questions:
(1) Does smoking behaviour differs by nativity status (native-born (NB) Australians), 
foreign-born (FB) people from English speaking countries (ESC) and non-English 
speaking countries (NESC)?;
(2) If differences in smoking behaviour exist by nativity status, does it change as the 
duration of residence (DoR) of FB people increases?;
(3) Is the association between nativity, DoR and smoking modified by age at arrival 
(AA)?; and
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(4) Does English language proficiency, socioeconomic status (SES) and social support 
(social participation and social club membership) variables mediate the associations 
between nativity, DoR and smoking behaviour?
5.2 Results
5.2.1 Observed trends in current smoking status by nativity status (CoB), 
duration of residence (DoR) and age at arrival (AA)
Figure 8 shows observed trends in smoking status by CoB (Figure 8A), DoR (Figure 
8B) and AA (Figure 8C) respectively for waves 1 to 12. Figure 8 (A) suggests that the 
prevalence of smoking gradually decreases over time for all nativity groups and that 
irrespective of the wave, FB respondents are less likely to be smokers than NB 
Australians. Furthermore, within the FB group, respondents from NESC are less likely 
to be smokers. At wave 1, the prevalence of smoking was found to be 18% for FB 
respondents from NESC, 20% for FB respondents from ESC and 24% for NB 
respondents. At wave 12, smoking prevalence was 11% for NESC, 13% for ESC and 
18% for NB respondents respectively.
Figure 8 (B) suggests that smoking is less prevalent among FB respondents with less 
than 10 years of DoR in all waves. Additionally, smoking prevalence decreases over 
time across all DoR groups. Interestingly, the prevalence of smoking among FB 
respondents with more than 20 years DoR were lower than those FB respondents with 
10 to 19 years of stay in Australia. At wave 1 the prevalence of smoking among FB 
respondents with less than 10 years, 10 to 19 years, and more than 20 years DoR in 
Australia were 16%, 21% and 19% respectively, decreasing to 12%, 13% and 12% by 
wave 12. Figure 8 (C) suggests that relative to NB Australians, the youngest age at 
arrival (AA) group in Australia is associated with higher prevalence of smoking among 
FB respondents and the oldest AA group with the least. Furthermore, the overall 
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smoking prevalence decreases over time across all AA groups. The prevalence of 
smoking at wave 1 among FB respondents who arrived in Australia before 18 years of 
age, between 18 to 34 years and more than 35 years were 25%, 16% and 12% 
respectively, compared with 24% for the NB. However, by wave 12 the prevalence of 
smoking decreased to 17%, 10% and 7% for the above AA groups.
Figure 8: Observed trends in smoking status (%) by nativity status (CoB), duration of 
residence (DoR) and age at arrival (AA).
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from 
English speaking countries (ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in 
Australia is categorised as less than 10 years, 10 to19 years, and greater than or equal 20 years and age at arrival
(AA) is categorised as less than 18 years, 18 to 34 years and greater than or equal to 35 years. DoR and AA are 
applicable only for foreign-born (FB) respondents. All the estimates in Figure 8 are unadjusted.
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However, the above observed bivariate associations between nativity (CoB), DoR and 
AA with current smoking status may be due to the associations of these exposures and 
smoking status with other covariates. Therefore, mixed (hybrid) logistic regression 
models (explained in the methods chapter) were used to investigate the effect of these 
exposures on smoking behaviour after controlling for all covariates. The results have
been described in the following section.
5.2.2 Results of regression analysis
Table 34 shows the sequential regression results for the association between CoB and 
smoking behaviour. Table 35 presents the regression results for smoking by duration 
of residence (DoR) and nativity status combined with duration of residence 
(CoB/DoR). Table 36 shows a regression models focused on how AA moderates the 
relationship between: (i) CoB and smoking, and (ii) DoR and smoking.
Model I results in Table 34 suggests that FB respondents from NESC had lower odds 
of smoking compared to the NB people (OR= 0.45; CI= 0.30 to 0.67), after controlling 
for the age, sex, wave number and the number of times a person responded between 
waves 1 and 12. However, there was no significant difference in the odds of smoking 
between FB respondents from ESC and NB respondents (OR= 0.83; CI= 0.57 to 1.21). 
Further controlling for possible mediating variables such as English language 
proficiency (Model II), level of education, employment status, marital status, and 
household equivalised income (Model III), and social participation and club 
membership (Model IV), did not change these results substantially.
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Table 34: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% 
confidence intervals (CI) of current smokers by nativity/country of birth (CoB). 
Effect Model I Model II Model III Model IV
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Nativity status 
ESC 0.83 (0.57, 1.21) 0.95 (0.65, 1.39) 1.16 (0.75, 1.79) 1.00 (0.64, 1.56)
NESC 0.45** (0.30, 0.67) 0.37** (0.20, 0.68) 0.46* (0.24, 0.87) 0.40** (0.21, 0.76)
NB (R) 1.00 1.00 1.00 1.00
Notes: Nativity status/country of birth (CoB) is categorised as NB (native-born), FB (foreign-born) from English speaking 
countries (ESC) and non-English speaking countries (NESC).
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. Model II 
adds English language proficiency to the covariates in Model I. Model III additionally includes the socioeconomic status (level 
of education, employment status, marital status, and household equivalised income) to the covariates in Model II. Model IV adds 
social participation and social club membership to the covariates in Model III.
*p < 0.05; **p < 0.01.
Model I results in Table 35 clearly show that after adjusting for age, sex, wave number, 
and number of times a person responded between waves 1 and 12, FB respondents 
with DoR less than 20 years had lower odds of smoking than the NB resopondents. 
However, FB respondents had no significant difference in the odds of smoking 
compared to NB respondents when their DoR was greater than or equal to 20 years 
(OR= 1.21; CI= 0.86 to 1.71). 
With respect to CoB/DoR effects on smoking, Model I results from Table 35 shows 
that after controlling for age, sex, wave number and the number of times a person 
responded, the odds of smoking compared to NB respondents was lower among FB 
respondents from NESC with a DoR less than 20 years. However, respondents from 
NESC were found to have similar odds of smoking as those of the NB people when 
their DoR was 20 years or more (OR= 1.59; CI= 0.98 to 2.60). On the other hand, DoR 
had no impact for FB respondents from ESC given no difference in the odds of 
smoking from that of NB respondents. After further adding all the possible mediators 
(Models II, III and IV from Table 35), the effect of CoB/DoR on smoking behaviour 
did not significantly change.
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Table 35: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% 
confidence intervals (CI) of current smokers by (i) duration of residence (DoR) and (ii) nativity/country of birth 
combined with duration of residence (CoB/ DoR). 
Effect Model I Model II Model III Model IV 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
DoR
DoR < 10 0.06** (0.02, 0.16) 0.06** (0.02, 0.16) 0.15** (0.07, 0.32) 0.13** (0.06, 0.27)
DoR 10 - 19 0.38** (0.21, 0.70) 0.37** (0.19, 0.71) 0.48* (0.25, 0.90) 0.41** (0.21, 0.77)
1.21 (0.86, 1.71) 1.27 (0.88, 1.85) 1.41 (0.92, 2.18) 1.34 (0.86, 2.07)
NB (R) 1.00 1.00 1.00 1.00
CoB/DoR
ESC; DoR < 10 0.60 (0.17, 2.07) 0.58 (0.17, 2.00) 1.22 (0.39, 3.79) 0.95 (0.31, 2.90)
ESC; DoR 10 - 19 0.89 (0.38, 2.06) 0.88 (0.38, 2.03) 1.16 (0.48, 2.84) 1.02 (0.42, 2.48)
ESC; 1.08 (0.69, 1.68) 0.96 (0.62, 1.49) 1.50 (0.88, 2.55) 1.19 (0.69, 2.04)
NESC; DoR < 10 0.03** (0.02, 0.08) 0.02** (0.01, 0.06) 0.04** (0.02, 0.13) 0.04** (0.01, 0.10)
NESC; DoR 10 - 19 0.21** (0.08, 0.55) 0.17** (0.05, 0.54) 0.22** (0.09, 0.55) 0.17** (0.07, 0.41)
1.59 (0.98, 2.60) 1.59 (0.83, 3.02) 1.40 (0.69, 2.83) 1.16 (0.58, 2.35)
NB (R) 1.00 1.00 1.00 1.00
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from English speaking 
countries (ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in Australia is categorised as less 
than 10 years, 10 to19 years and greater than or equal to 20 years, and is combined with the nativity status as described above.
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. Model II 
adds English language proficiency to the covariates in Model I. Model III additionally includes the socioeconomic status (level 
of education, employment status, marital status, and household equivalised income) to the covariates in Model II. Model IV adds 
social participation and social club membership to the covariates in Model III.
*p < 0.05; **p < 0.01.
Model I results from Table 36 shows that after controlling for age, sex, wave number 
and the number of times a person responded between waves 1 and 12, FB respondents 
who arrived in Australia when more than or equal to 18 years of age had lower odds 
of smoking as compared to NB respondents. However, FB respondents had no 
significant difference in the odds of smoking compared to NB respondents when their 
AA was less than 18 years (OR= 1.14; CI= 0.72 to 1.80). Model I results from Table 
36 with CoB/AA as an exposure suggests that there is no significant difference in the 
odds of smoking between FB groups (both ESC and NESC groups) who arrived in 
Australia before the age of 18 years, compared to NB Australians (OR= 1.92; CI= 0.95 
to 3.88 for ESC; AA < 18 years & OR= 0.69; CI= 0.37 to 1.28 for NESC; AA < 18 
years), after controlling for age, sex, wave number and the number of times a person 
responded between waves 1 and 12. However, relative to NB respondents, the odds of 
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smoking was significantly lower among FB from ESC as well as NESC when their 
AA was either between 18 to 34 years or more than 35 years.
With regards to DoR/AA effect on smoking, after adjusting for  age, sex, wave number 
and the number of times a person responded (Model I, Table 36), immigrants 
(combined ESC and NESC) who arrived in Australia below the age of 18 and had 
either a DoR of less than 10 years or between 10-19 years had similar odds of smoking 
as NB respondents. However, respondents with AA less than 18 years and DoR more 
than or equal to 20 years had significantly higher odds of smoking than the NB 
respondents (OR= 1.98; CI= 1.10 to 3.59). On the other hand, immigrants who arrived 
in Australia during 18-34 years of ages or more than 35 years of age but had stayed 
longer than 20 years had no difference in the odds of smoking to that of NB 
respondents. 
Additionally, adjusting for English language proficiency, SES factors and social 
support variables (Models II, III and IV) in Table 36, the effect of AA, CoB/AA and 
DoR/AA on smoking did not altered the conclusions substantially with the exceptions 
in some models. For example, further adding all these variables in models III and IV,
the lower odds of smoking was found among immigrants with AA less than 18 years 
and DoR less than 10 years, relative to NB respondents. But, in case of long-term 
immigrants (DoR of more than 20 years) who arrived at younger age (less than 18 
years of age), the likelihood of smoking did not change after adding all these variables 
in the subsequent models (Models II, III and IV from Table 36).
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Table 36: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% confidence 
intervals (CI) of current smokers by (i) age at arrival (AA) (ii) nativity/country of birth combined with age at arrival 
(CoB/AA) and (iii) duration of residence combined with age at arrival (DoR/AA).
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from English speaking countries 
(ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in Australia is categorised as less than 10 years, 
10 to19 years and greater than or equal to 20 years, and is combined with AA categories: less than 18 years, 18 to 34 years and 
greater than or equal to 35 years. 
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. Model II 
adds English language proficiency to the covariates in Model I. Model III additionally includes the socioeconomic status (level of 
education, employment status, marital status, and household equivalised income) to the covariates in Model II. Model IV adds 
social participation and social club membership to the covariates in Model III.
*p < 0.05; **p < 0.01.
Additionally, a separate sensitivity analysis was performed to account for attrition bias 
on  current smoking status by including either the variables “the last wave a person 
responded” or the binary form of a this variable (‘zero’ if attrited between waves 2-6
or ‘one’ if attrited between waves 7-12) instead of the variable “number of times a 
person responded between 1-12”. None of the conclusions changed after replacing 
these attrition-related variables (only results for Model I for each exposure-outcome 
associations are shown in the Appendix IV).
Effects Model I Model II Model III Model IV 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Age at arrival (AA)
AA; < 18 1.14 (0.72, 1.80) 1.26 (0.77, 2.05) 1.26 (0.75, 2.11) 1.32 (0.79, 2.20)
AA; 18-34 0.39** (0.25, 0.59) 0.43** (0.27, 0.68) 0.62 (0.38, 1.03) 0.48** (0.29, 0.79)
0.32** (0.18, 0.58) 0.34** (0.18, 0.65) 0.58 (0.28, 1.21) 0.35** (0.16, 0.76)
NB (R) 1.00 1.00 1.00 1.00
CoB/AA
ESC; AA < 18 1.92 (0.95, 3.88) 1.98 (0.98, 4.00) 2.39* (1.21, 4.71) 2.15* (1.10, 4.21)
ESC; AA 18-34 0.40** (0.23, 0.70) 0.44** (0.26, 0.76) 0.82 (0.43, 1.55) 0.68 (0.36, 1.28)
0.40* (0.18, 0.89) 0.44* (0.20, 0.97) 0.65 (0.24, 1.72) 0.42 (0.15, 1.18)
NESC; AA < 18 0.69 (0.37, 1.28) 0.66 (0.33, 1.33) 0.55 (0.25, 1.21) 0.57 (0.26, 1.26)
NESC; AA 18-34 0.27** (0.14, 0.53) 0.24** (0.10, 0.55) 0.38* (0.17, 0.84) 0.30** (0.14, 0.67)
0.26** (0.12, 0.59) 0.23** (0.08, 0.61) 0.37 (0.12, 1.14) 0.19** (0.06, 0.62)
NB (R) 1.00 1.00 1.00 1.00
DoR/AA
DoR < 10; AA < 18 0.16 (0.01, 2.28) 0.17 (0.01, 2.68) 0.09* (0.01, 0.58) 0.07** (0.01, 0.38)
DoR < 10; AA 18-34 0.03** (0.01, 0.06) 0.03** (0.01, 0.06) 0.16** (0.06, 0.42) 0.14** (0.06, 0.37)
0.24* (0.07, 0.83) 0.23* (0.06, 0.80) 0.52 (0.15, 1.75) 0.33 (0.09, 1.12)
DoR 10-19; AA < 18 0.50 (0.18, 1.40) 0.57 (0.20, 1.60) 0.63 (0.22, 1.78) 0.59 (0.21, 1.62)
DoR 10-19; AA 18-34 0.26* (0.08, 0.85) 0.28* (0.09, 0.90) 0.45 (0.18, 1.09) 0.41 (0.17, 1.00)
DoR 10- 0.49 (0.22, 1.09) 0.49 (0.21, 1.13) 0.62 (0.19, 2.04) 0.43 (0.12, 1.53)
1.98* (1.10, 3.59) 2.17* (1.18, 3.99) 1.99* (1.10, 3.61) 2.13* (1.19, 3.83)
-34 0.81 (0.53, 1.25) 0.83 (0.52, 1.32) 1.38 (0.76, 2.52) 1.00 (0.54, 1.84)
0.67 (0.32, 1.41) 0.67 (0.31, 1.45) 0.63 (0.20, 2.02) 0.36 (0.10, 1.27)
NB (R) 1.00 1.00 1.00 1.00
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5.2.3 Summary of results
In summary, immigrants from NESC had lower odds of smoking as compared with 
NB respondents, while there was no significant difference in the odds of smoking 
between immigrants from ESC and NB respondents. For NESC immigrants, long-term
residence (20+ years) was associated with uptake of smoking behaviours comparable 
to NB Australians. However, there was no evidence of a change in smoking behaviour 
by DoR for immigrants from ESC. Older age at arrival was associated with lower odds 
of smoking among FB groups from both ESC and NESC as compared to the NB 
people. The association between DoR and smoking status was modified by AA, with 
combined (ESC and NESC immigrants) long-term residents (20+ years) who arrived 
as children or adolescents (less than 18 years of age) were significantly more likely to 
smoke than NB Australians. No substantial change in the results were found for the 
nativity/DoR and smoking relationships after further adding all the potential mediators 
(English language proficiency, SES and social participation/social club membership) 
in the regression models.
5.3 Discussion 
First, with respect to the lower prevalence of smoking among immigrants from NESC 
found in this study, the patterns are consistent with most of the earlier studies 
comparing immigrants from non-English speaking backgrounds to the host population 
in Australia (Jirojwong & Manderson 2002; Weber, Banks & Sitas 2011) and North 
America (Abraido-Lanza, Chao & Florez 2005; Bosdriesz et al. 2013; Kuerban 2016).
But, in contrast to the earlier studies showing higher smoking prevalence among 
British-born and North American immigrants compared with NB Australians (Gray & 
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Hill 1975; Strong, Trickett & Bhatia 1998), this study found no differences in smoking 
between immigrants from ESC and NB Australians. Protective factors such as cultural 
and religious beliefs, social norms, and parents pressure against adopting smoking 
behaviour (especially among younger immigrants) may be the a reasons for the lower 
smoking rates among recently arrived immigrants from NESC (Acevedo-Garcia et al. 
2005; Bosdriesz et al. 2013; Coonrod et al. 1999). On the other hand, the lack of 
difference in tobacco smoking rates between immigrants from ESC and NB people 
found in this study may be due to similar exposure to culture, language, and socio-
economic profile in their country of origin and Australia (Kennedy et al. 2015).
Second, contrary to some earlier studies that shows a decline in smoking rates after 
long-term residence among some immigrants groups (King et al. 1999; McDonald 
2005), this study found a clear indication of convergence of smoking behaviour of 
immigrants from NESC with NB respondents after 20 or more years of residence in 
Australia. However, these results are similar to other studies on Asian immigrants in 
Australia (Weber, Banks & Sitas 2011) and other immigrant receiving countries 
(Abraido-Lanza, Chao & Florez 2005; Kuerban 2016; Newbold & Neligan 2012). This 
observed increase in smoking prevalence of immigrants from NESC with increased 
DoR in the host country could be explained by processes of acculturation (Abraido-
Lanza, Chao & Florez 2005; Constantine et al. 2010). The basic assumption is that the 
longer one resides in the host country the greater is the exposure to the host culture 
and the stronger the influence of the host culture on behaviour. Another plausible 
explanation for the convergence of the smoking rates of immigrants from NESC with 
NB Australians is the high level of acculturative stresses (De La Rosa 2002; Gorman, 
Lariscy & Kaushik 2014) while adjusting to the new culture and/or experiences of 
racial/ethnic discrimination which affect FB from NESC more than FB from ESC 
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(Markus 2014; Paradies 2006). For example, discrimination/racism has been found to 
be significantly associated with adopting unhealthy behaviours such as cigarette 
smoking and substance use among diverse group of immigrants (Paradies 2006; Sims 
et al. 2016).
Third, consistent with the earlier research (Kimbro 2009; Li & Wen 2015; Weber, 
Banks & Sitas 2011; Wilkinson et al. 2005), results from this study confirm that age 
at arrival influences the trajectories of smoking behaviours for immigrants, such that 
those who migrated as adults to Australia were less likely to smoke as compared with 
NB Australian. From the life-stage arrival perspective (Rumbaut 2004), it can be 
reasonably argued that immigrants who arrive in Australia at young age and stay 
longer tend to have a similar lifestyle to their native-born Australians counterparts, as 
they are highly exposed and adapted to Australian culture (Chiswick, Lee & Miller 
2008), experiencing high level of social connectedness and structural assimilation 
(Brandon 2008). By contrast, immigrants who come to Australia as adults may have 
retained much of their home-country orientation, socially connected with people of the 
same ethnicity, thus even after staying for decades, they remain unlikely to fully 
acculturate into the host country and retain relatively healthier smoking behaviours.
Some changes in results were found after adding SES and social support variables 
while determining the moderating effects of age at arrival on nativity/DoR and 
smoking relationships. However, this thesis has not further explored and discussed 
these results, as identifying the possible mechanisms for AA, nativity, DoR and 
smoking relationship was not considered as one of the main research question of this 
thesis. Though these factors were controlled in the subsequent models to be consistent 
with other regression analysis used in this thesis. Further research is needed to explore 
the possible mediating variables for the effect of age at arrival on smoking behaviour 
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of immigrants. Moreover, this study was unable to investigate the three-way 
interaction between AA, nativity and DoR due to insufficient sample size. In future 
research, it would be worth investigating this association in influencing smoking 
behaviour.
Fourth, this study did not find any evidence of mediation by English language 
proficiency, socioeconomic status and social participation/club membership between 
nativity/DoR and smoking behaviour associations. This indicates that the mediation of 
the relationships between nativity/DoR and tobacco smoking by these variables was 
weak. Proper mediation analyses are needed to understand the dynamics and causal 
pathways of these exposure-outcome associations. Future research using longitudinal 
data should also examine other possible mechanisms through which immigrants’ 
advantage in lower smoking prevalence changes into disadvantage over time.
There were some important limitations to this study that merit consideration. First, the 
information on tobacco smoking used in this study was only based on self-reported 
measures and not verified by biochemical samples or biomarkers. As such, actual 
smoking prevalence may be underestimated due to possible under-reporting caused by 
social desirability concerns (Patrick et al. 1994). Second, though this study was 
focused on determining trajectories in smoking behaviour by nativity status (i.e., 
foreign-born vs. native-born), there is evidence that smoking behaviour varies among 
heterogeneous immigrant groups from various ethnic backgrounds (Abraido-Lanza, 
Chao & Florez 2005; Jayaweera & Quigley 2010). Therefore, this study provides an 
opportunity for further research by applying the methodology used in this study to 
explore the differences and over time changes in smoking behaviour of particular 
groups of immigrants (e.g., Asians, African and European), relative to native-born 
population in Australia. Third, the possibility of gender differences in smoking 
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behaviour cannot be discounted in this study. However, as the main focus of this study 
was to investigate the nativity differences and over time changes in smoking 
behaviour, gender was controlled in the regression analysis.
Nevertheless, these study findings are important as they indicate that not all immigrant 
groups come to Australia with a health behaviour advantage and that loss of health
behaviour advantage with regard to convergence of smoking prevalence to the NB 
Australian levels may not be experienced equally by all immigrant groups in Australia. 
Particularly, this study found that the initially lower smoking prevalence among NESC 
immigrants to Australia converges with that of NB Australians over the long-term (20+ 
years), while for immigrants who arrived as children or adolescents (ESC and NESC 
combined) smoking prevalence was higher compared with their NB counterparts after 
twenty or more years of residency. This study findings underscore why distinct 
smoking prevention programmes should be designed for, and specifically targeted at, 
immigrants from NESC as well as those who arrive in Australia as children or 
adolescents.
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CHAPTER 6: PHYSICAL ACTIVITY
6.1 Introduction
This chapter describes the results for physical activity (considered as a binary 
outcome) based on analyses of twelve waves of longitudinal data from the HILDA 
survey as one of the primary research question of this thesis. First, the specific research 
questions for this chapter are outlined. Second, the observed trends in physical activity 
by nativity status (CoB), duration of residence (DoR) and age at arrival (AA) across 
all the waves are illustrated and described. Third, the results obtained from the hybrid 
logistic regression models (details in the research methodology chapter) are presented 
and described to investigate the nature of the associations between nativity, DoR, and 
physical activity. Finally, the results are interpreted, discussed, and explained by 
comparing with findings from earlier research. The limitations of the physical activity 
variables and suggestions for future research are referred to where appropriate in the 
discussion section.
Specific research questions
The specific research questions addressed in this chapter are as follows:
(1) Does engagement in recommended levels of physical activities differ by nativity 
status (native-born (NB) Australians), foreign-born (FB) people from English
speaking countries (ESC) and non-English speaking countries (NESC)?;
(2) If existent, does it change as duration of residence (DoR) of FB people increases?; 
(3) Is the association between nativity, DoR and physical activity modified by age at 
arrival (AA)?; and
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(4) Is the association between nativity, DoR and physical activity mediated by English 
language proficiency, socioeconomic status (SES) and social support (social 
participation and social club membership) factors?
6.2 Results
6.2.1 Observed trends in physical activity by nativity status (CoB), duration of 
residence (DoR) and age at arrival (AA)
Figure 9 shows observed trends in physical activity by CoB (Figure 9A), DoR (Figure 
9B) and AA (Figure 9C) respectively for waves 1 to 12. 
Figure 9 (A) suggests that the prevalence of physical activity gradually decreases over 
time for all groups. Irrespective of wave, FB people from NESC are less likely to be 
physically active than FB from ESC and NB people. At wave 1, the prevalence of 
physical activity was found to be 31% for FB respondents from NESC, 36% for FB 
respondents from ESC and 36% for NB people. At wave 12, the physical activity 
prevalence was 27% for NESC, 33% for ESC and 31% for NB respondents, 
respectively. 
Figure 9 (B) suggests that physical activity is less prevalent among FB respondents 
with less than 20 years of DoR across all waves. However, the physical activity 
prevalence decreases over time across all DoR groups. At wave 1, the prevalence of 
physical activity among FB respondents with less than 10 years, 10 to 19 years, and 
more than 20 years of DoR in Australia were 31%, 33% and 34%, respectively; 
decreasing to 28%, 25% and 32% by wave 12. 
Figure 9 (C) suggests an inconsistent trends in physical activity for all AA groups 
while compared with NB Australians. However, the overall physical activity 
prevalence decreases over time across all AA groups as well as NB respondents. 
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The prevalence of physical activity at wave 1 among FB people who arrived in 
Australia before 18 years of age, between 18 to 34 years and more than 35 years were 
34%, 33% and 34% respectively, compared with 36% for the NB. However, by wave 
12 the prevalence of physical activity decreased to 29%, 32% and 24%, respectively, 
for the aforementioned AA groups.
Figure 9: Observed trends in physical activity (%) by nativity status (CoB), duration 
of residence (DoR) and age at arrival (AA).
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from English 
speaking countries (ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in Australia 
is categorised as less than 10 years, 10 to19 years, and greater than or equal 20 years and age at arrival (AA) is 
categorised as less than 18 years, 18 to 34 years and greater than or equal to 35 years. DoR and AA are applicable 
only for foreign-born (FB) respondents. All the estimates in Figure 9 are unadjusted.
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6.2.2 Results of regression analysis
Table 37 shows the sequential regression results for the association between nativity 
status (CoB) and physical activity. Table 38 presents the regression results for physical 
activity by duration of residence (DoR) and nativity status combined with duration of 
residence (CoB/DoR). Table 39 details a regression models focused on how AA 
moderates the relationship between: (i) CoB and physical activity, and (ii) DoR and 
physical activity.
Model I results shown in Table 37 suggest that FB respondents from NESC had lower 
odds of physical activity compared to the NB (OR= 0.70; CI= 0.62 to 0.79) after 
controlling age, sex, wave (time) and number of times a person responded between 
waves 1 and 12. However, adjusting for English language proficiency (Model II) 
resulted in the disappearance of physical activity disadvantage among this group (OR=
1.00; CI= 0.83 to 1.21). Further controlling for other possible mediating SES variables 
(Model III) and social participation/club membership variables (Model IV) did not 
change these results substantially. In contrast, the odds of being physically active for 
FB from ESC was significantly higher than that of NB respondents (OR= 1.20; CI= 
1.05 to 1.37) (Table 37, Model I). Adjusting for all the possible mediating variables 
(Models II, III and IV), did not change these results.
Table 37: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% 
confidence intervals (CI) of being physically active by nativity/country of birth (CoB).
Effect Model I Model II Model III Model IV
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Nativity status 
ESC 1.20** (1.05, 1.37) 1.20** (1.05, 1.37) 1.21** (1.06, 1.38) 1.24** (1.09, 1.42)
NESC 0.70** (0.62, 0.79) 1.00 (0.83, 1.21) 1.00 (0.83, 1.21) 1.09 (0.90, 1.31)
NB (R) 1.00 1.00 1.00 1.00
Notes: Nativity status/country of birth (CoB) is categorised as NB (native-born), FB (foreign-born) from English speaking 
countries (ESC) and non-English speaking countries (NESC). 
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. Model 
II adds English language proficiency to the covariates in Model I. Model III additionally includes the socioeconomic status 
(level of education, employment status, marital status, and household equivalised income) to the covariates in Model II. Model 
IV adds social participation and social club membership to the covariates in Model III.  
*p < 0.05; **p < 0.01.
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Model I results in Table 38 shows that after controlling for covariates such as age, sex, 
wave number, and number of times a person responded, FB respondents with DoR less 
than 20 years had lower odds of physical activity than NB respondents. However, after 
adding all the possible mediators (Models II, III and IV), there was no difference in 
the odds of physical activity in relation to the NB group. In contrast, FB respondents 
with DoR greater than or equal to 20 years had no significant difference in the odds of 
physical activity compared to NB respondents (OR= 1.01; CI= 0.89 to 1.15). However, 
after further adding the mediating variables (Model II, III and IV), results changed 
substantially, with higher odds of physical activity compared to NB respondents (OR= 
1.16; CI= 1.02 to 1.33 for Model II, OR= 1.17; CI= 1.02 to 1.34 for Model III & OR= 
1.21; CI= 1.06 to 1.39 for Model IV).
With respect to the CoB/DoR effect on physical activity, Model I results from Table 
38 show that after controlling for age, sex, wave effect and number of times a person 
responded, the odds of physical activity was significantly lower among FB 
respondents from NESC than NB respondents, irrespective of their DoR in Australia. 
After adjusting for English language proficiency (Model II), physical activity 
disadvantage among this group disappeared, regardless of their DoR in Australia. 
Additionally, adding the SES variables (Model III) as well as social participation and 
social club membership (Model IV), did not change this finding. On the other hand, 
DoR had no impact for FB respondents from ESC (Model I, Table 38) when their DoR 
in Australia was either less than 10 years or between 10 to 19 years. Significant higher 
odds of physical activity were observed after adding possible mediating variables in 
the regression models (Models II, III and IV), only when their DoR was less than 10 
years. However, FB from ESC were found to have higher odds of physical activity 
than the NB people when their DoR was 20 years or more (OR= 1.19; CI= 1.01 to 
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1.41, Model I). Further, adding the mediating variables in subsequent models (Models 
II, III and IV) did not alter this conclusion substantially. 
Table 38: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% 
confidence intervals (CI) of being physically active by (i) duration of residence (DoR) and (ii) nativity/country of 
birth (CoB) combined with duration of residence (CoB/DoR).
Effect Model I Model II Model III Model IV 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
DoR
DoR < 10 0.74** (0.61, 0.90) 1.08 (0.87, 1.34) 1.08 (0.87, 1.34) 1.17 (0.94, 1.45)
DoR 10 - 19 0.80* (0.68, 0.95) 1.09 (0.90, 1.31) 1.09 (0.91, 1.32) 1.15 (0.95, 1.38)
1.01 (0.89, 1.15) 1.16* (1.02, 1.33) 1.17* (1.02, 1.34) 1.21** (1.06, 1.39)
NB (R) 1.00 1.00 1.00 1.00
CoB/DoR
ESC; DoR < 10 1.35 (0.96, 1.89) 1.50* (1.07, 2.10) 1.42* (1.01, 2.00) 1.42* (1.01, 2.00)
ESC; DoR 10 - 19 1.13 (0.87, 1.46) 1.15 (0.89, 1.50) 1.15 (0.89, 1.49) 1.13 (0.87, 1.46)
ESC; 1.19* (1.01, 1.41) 1.20* (1.02, 1.42) 1.20* (1.01, 1.41) 1.24* (1.05, 1.46)
NESC; DoR < 10 0.56** (0.45, 0.71) 0.87 (0.65, 1.15) 0.86 (0.65, 1.15) 0.92 (0.69, 1.23)
NESC; DoR 10 - 19 0.64** (0.52, 0.79) 0.93 (0.71, 1.22) 0.98 (0.75, 1.28) 1.01 (0.77, 1.33)
0.82* (0.69, 0.98) 1.05 (0.85, 1.30) 1.08 (0.87, 1.33) 1.14 (0.92, 1.41)
NB (R) 1.00 1.00 1.00 1.00
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from English speaking 
countries (ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in Australia is categorised as less 
than 10 years, 10 to19 years, and greater than or equal to 20 years, and is combined with the nativity status as described above.
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. Model 
II adds English language proficiency to the covariates in Model I. Model III additionally includes the socioeconomic status 
(level of education, employment status, marital status, and household equivalised income) to the covariates in Model II. Model
IV adds social participation and social club membership to the covariates in Model III.  
*p < 0.05; **p < 0.01.
Model I results from Table 39 shows that after controlling for age, sex, wave number 
and the number of times a person responded between waves 1 and 12, FB respondents 
who arrived in Australia before the age of 18 years had lower odds of physical activity 
than NB respondents (OR= 0.86; CI= 0.75 to 0.99). On the other hand, FB respondents 
with AA more than or equal to 18 years had no significant difference in the odds of 
physical activity compared to NB resopondents. 
With regard to CoB/AA effect on physical activity, Model I results from Table 39 
suggests that, relative to NB respondents, the odds of physical activity was 
significantly lower among FB from NESC while their AA was either less than 18 years 
(OR= 0.72; CI= 0.59 to 0.88) or between 18 to 34 years (OR= 0.66; CI= 0.56 to 0.78), 
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but was not significantly different from NB people when their AA was more than or 
equal to 35 years (OR= 0.77; CI= 0.59 to 1.01). In case of immigrants from ESC, only 
those immigrants whose AA was between 18 to 34 years had higher odds of physical 
activity than the NB people (OR= 1.43; CI= 1.18 to 1.75).
After adjusting for age, sex, wave number and the number of times a person responded 
between waves 1 and 12 (Model I, Table 39), immigrants who arrived in Australia 
below the age of 18 and had either a DoR of less than 10 years (OR= 0.45; CI= 0.28 
to 0.72) or between 10-19 years (OR= 0.54; CI= 0.41 to 0.72) had significantly lower 
odds of physical activity than NB respondents. However, respondents with AA more 
than or equal to 18 years had no difference in the odds of physical activity than the NB 
people, irrespective to their duration of residence in Australia. 
Further adjusting for English language proficiency, SES and social support variables 
(Models II, III and IV in Table 39), the effect of AA, CoB/AA and DoR/AA on 
physical activity did not alter the conclusion substantially in most cases. However, 
some significant changes in the estimates for the odds of physical activity were 
observed among FB from NESC combined with AA categories after adding these 
variables in the regression models. For instance, the lower likelihood of physical 
activity among NESC immigrants with AA less than 35 years (Model I, Table 39) 
disappeared and the results became insignificant after further adding English language 
proficiency in the regression model (Model II, Table 39).
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Table 39: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% 
confidence intervals (CI) of being physically active by (i) age at arrival (AA) (ii) nativity/country of birth combined 
with age at arrival (CoB/AA) and (iii) duration of residence combined with age at arrival (DoR/AA).
Effects Model I Model II Model III Model IV 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Age at arrival (AA)
AA; <18 0.86* (0.75, 0.99) 0.99 (0.86, 1.15) 0.99 (0.86, 1.15) 1.03 (0.89, 1.19)
AA; 18-34 0.95 (0.83, 1.09) 1.29** (1.11, 1.51) 1.29** (1.10, 1.51) 1.36** (1.17, 1.59)
0.84 (0.68, 1.05) 1.26 (1.00, 1.60) 1.37* (1.08, 1.73) 1.45** (1.14, 1.84)
NB (R) 1.00 1.00 1.00 1.00
CoB/AA
ESC; AA <18 1.03 (0.85, 1.25) 1.03 (0.85, 1.25) 1.04 (0.86, 1.25) 1.05 (0.87, 1.27)
ESC; AA 18-34 1.43** (1.18, 1.75) 1.46** (1.19, 1.78) 1.48** (1.21, 1.80) 1.49** (1.23, 1.82)
1.02 (0.72, 1.43) 1.07 (0.76, 1.50) 1.05 (0.75, 1.48) 1.15 (0.82, 1.61)
NESC; AA <18 0.72** (0.59, 0.88) 0.92 (0.73, 1.15) 0.89 (0.71, 1.12) 0.94 (0.75, 1.17)
NESC; AA 18-34 0.66** (0.56, 0.78) 1.10 (0.86, 1.40) 1.08 (0.85, 1.38) 1.18 (0.92, 1.50)
0.77 (0.59, 1.01) 1.43* (1.03, 1.99) 1.31 (0.94, 1.83) 1.51* (1.08, 2.12)
NB (R) 1.00 1.00 1.00 1.00
DoR/AA
DoR < 10; AA <18 0.45** (0.28, 0.72) 0.55* (0.34, 0.90) 0.57* (0.36, 0.92) 0.56* (0.36, 0.89)
DoR < 10; AA 18-34 0.83 (0.64, 1.09) 1.19 (0.90, 1.57) 1.22 (0.92, 1.61) 1.34* (1.01, 1.77)
0.81 (0.58, 1.12) 1.23 (0.87, 1.73) 1.18 (0.83, 1.66) 1.31 (0.92, 1.85)
DoR 10-19; AA <18 0.54** (0.41, 0.72) 0.67** (0.50, 0.90) 0.67** (0.50, 0.89) 0.66** (0.49, 0.87)
DoR 10-19; AA 18-34 0.93 (0.73, 1.18) 1.23 (0.95, 1.58) 1.27 (0.98, 1.64) 1.37* (1.06, 1.78)
DoR 10- 1.04 (0.72, 1.50) 1.61* (1.10, 2.36) 1.42 (0.97, 2.09) 1.72** (1.17, 2.54)
1.04 (0.88, 1.23) 1.12 (0.94, 1.32) 1.15 (0.97, 1.36) 1.17 (0.99, 1.39)
-34 1.07 (0.88, 1.29) 1.31** (1.07, 1.60) 1.30* (1.06, 1.60) 1.37** (1.12, 1.68)
0.85 (0.56, 1.30) 1.02 (0.66, 1.57) 1.05 (0.68, 1.61) 1.20 (0.78, 1.86)
NB (R) 1.00 1.00 1.00 1.00
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from English speaking countries 
(ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in Australia is categorised as less than 10 years, 
10 to19 years and greater than or equal to 20 years, and is combined with AA categories: less than 18 years, 18 to 34 years and 
greater than or equal to 35 years. 
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. Model II 
adds English language proficiency to the covariates in Model I. Model III additionally includes the socioeconomic status (level of 
education, employment status, marital status, and household equivalised income) to the covariates in Model II. Model IV adds 
social participation and social club membership to the covariates in Model III.
*p < 0.05; **p < 0.01.
Like all studies that use longitudinal data, it is also possible that these results could be 
affected by selection bias due to the attrition of study respondents. Therefore, a 
separate sensitivity analysis was performed for all the regression models to account for 
attrition bias by including either the variable “the last wave a person responded” or the 
binary form of a this variable (‘zero’ if attrited between waves 2-6 or ‘one’ if attrited 
between waves 7-12) instead of the variable “number of times a person responded 
between 1-12”. No change in the conclusions of any models were found following 
inclusion of these attrition-related variables (only results for Model I for each 
exposure-outcome associations are shown in the Appendix V).
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6.2.3 Summary of results
To sum up, immigrants from ESC have higher odds of physical activity than NB 
respondents, while immigrants from NESC have lower odds of physical activity 
compared to NB Australians. Immigrants from ESC living in Australia for less than 
20 years were not significantly different in the odds of being physically active relative 
to NB people. However, this group became advantaged in terms of being physically 
active after 20+ years of stay in Australia. On the other hand, immigrants from NESC 
were less likely to be physically active compared to native-born Australians regardless 
of their duration of residence.
Age at arrival (AA) less than 35 years (both AA <18 & AA 18-34 groups) was 
associated with lower odds of physical activity among immigrants from NESC as 
compared to the NB respondents. However, relative to NB Australians, AA between 
18 to 34 years was associated with significantly higher odds of physical activity among 
immigrants from ESC. The association between DoR and physical activity was 
modified by AA among immigrants (combined ESC and NESC). In particular, 
immigrants with less than 20 years of DoR (combined ESC and NESC) who arrived 
as children or adolescents (less than 18 years of age) were significantly less likely to 
be physically active than NB Australians. English language proficiency was an 
important mediator for nativity (CoB), DoR, CoB/DoR and physical activity
relationships. 
6.3 Discussion 
The lower prevalence of physical activity among immigrants from NESC found in this 
study is consistent with earlier research findings focusing on various groups of 
immigrants from non-English speaking background in the United States (Abraido-
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Lanza, Chao & Florez 2005; Crespo et al. 2001; Kagotho 2011; Taverno Ross et al. 
2014), Canada (Bryan et al. 2006; Tremblay et al. 2006), the United Kingdom 
(Fischbacher, Hunt & Alexander 2004; Williams et al. 2011), and Australia 
(Armstrong et al. 1983; Bennett 1993; Dassanayake et al. 2011; Hodge et al. 2004).
The significant differences identified in the prevalence of physical activity between 
immigrants from NESC and native-born Australians could be partly attributed to 
predisposing interpersonal factors such as cultural beliefs, attitudes, environmental 
factors (including access/availability or neighbourhood safety), and lack of motivation 
to engage in, or perceived importance of physical activity among NESC immigrants 
(Bungum et al. 2012; Caperchione et al. 2011; Taverno Ross et al. 2014). It could also 
be the case that the NESC group in this study may originate from countries where 
leisure-time recreational activities are less common. Further data from their country of 
origin on levels of physical activity are required to verify this assertion. Moreover, the 
lower engagement in physical activities among NESC immigrants could be due to the 
cost of attending or joining physical activity-related facilities. Earlier studies have 
reported financial cost as the barrier of physical activities among ethnically diverse 
immigrant groups in Australia from non-English speaking backgrounds (Caperchione, 
Kolt & Mummery 2013). Another potential explanation for the lower odds of being 
physically active among immigrants from NESC can be attributed to English language 
proficiency, a point I return to later in the discussion.
Experiences or fear of discrimination at leisure-time recreational facilities or sport 
clubs and when engaging in other activities such as walking, jogging and cycling in 
the public places could be another plausible explanation for decreased engagement in 
physical activities among immigrants from NESC. However, there is little consensus 
about the association between discrimination and engagement in physical activity 
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among immigrants. For example, earlier research has found that racial/ethnic 
discrimination is associated with lower levels of physical activities (Daniel et al. 
2013a; Pascoe & Smart Richman 2009; Sims et al. 2016) among diverse groups of 
immigrants from non-English speaking background. In contrast, there is also research 
evidence that racial/ethnic discrimination is either not associated with physical activity 
(Shelton et al. 2009), or associated with higher level of physical activities (Borrell et 
al. 2013; Brodish et al. 2011). Thus, further detailed research on discrimination and 
physical activity is warranted to address these earlier contradictory findings. On the 
other hand, the higher prevalence of physical activity among immigrants from ESC 
compared to NB people found in this study is consistent with the earlier research 
evidence showing either higher or similar physical activity patterns among immigrants 
from United Kingdom, Ireland and New Zealand compared to native-born Australians 
(Bennett 1993; Dassanayake et al. 2011).
The second research question tested the extent to which the association between 
nativity status and physical activity can be attributed to duration of residence. 
According to the acculturation hypothesis, physical activity among immigrants 
increases as the length of residence in their adopted country increases. In this study, 
there was compelling evidence of DoR effects for immigrants from ESC. These results 
are consistent with earlier research in Australia (Bennett 1993; Guo et al. 2015) and 
other major immigrant receiving countries (Abraido-Lanza, Chao & Florez 2005; 
Crespo et al. 2001; Dawson, Sundquist & Johansson 2005; Kagotho 2011) which 
found that more acculturated diverse group of immigrants are more likely to engage in 
leisure-time physical activity compared to their less acculturated counterparts. 
However, the results are in contrast to some earlier studies which found no association 
between duration of residence and engagement in physical activity among diverse 
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immigrant groups (Armstrong et al. 1983; Evenson, Sarmiento & Ayala 2004). The 
ESC group in this study consists majority of immigrants from the United Kingdom 
(67%). Higher physical activity patterns among UK population than overall population 
in other English speaking countries and Australia, found in an earlier study (Hallal et 
al. 2012), may be one of the plausible explanation for the higher levels of physical 
activity among ESC immigrants found in this study. The compositional differences 
higher physical activity than the NB Australians. For instance, the percent of 
(41.53%) and ESC; 10-19 (46.71%) groups. On the other hand, changes in physical 
activity over time among immigrants from NESC did not support previously reported 
results regarding the relationship between physical activity and duration of residence 
in the host country. In contrast to immigrants from ESC, immigrants from NESC did 
not experience a significant increase in physical activity by DoR. They maintained 
their disadvantage in their engagement with physical activity, albeit reduced, and still 
had the lower odds of physical activity vis-à-vis NB Australians (though marginally) 
even after 20 years of DoR. It is possible that immigrants from NESC may have 
retained cultural norms and traditions from their country of origin that affected their 
participation in leisure-time physical activities. However, the specific cultural factors 
that may contribute to lower levels of physical activity among immigrants from NESC 
require further longitudinal investigation.
Results with regards to the association between nativity, DoR and physical activity 
questions the acculturation theory perspective in which immigrant physical activity 
levels converge over time with those of the native-born. For example, there may be no 
differences in the health behaviours of immigrants from ESC and NB because of 
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greater prior similarities between Australia and their country of origin. In other 
instances, Australia will be more health promoting for physical activity than the 
person’s original country, e.g., less air pollution, more green space, and more exercise 
facilities will encourage physical activity post migration.
Findings for age at arrival (AA) measured as another proxy of acculturation appear to 
contradict with earlier research showing higher rates of physical activity of immigrants 
who arrive at young age in the host country (Evenson, Sarmiento & Ayala 2004).
Instead, this study found lower prevalence of physical activity among immigrants from 
NESC who arrived in Australia before the age of 35. This particular finding does not 
support the existing limited evidence of age at arrival effects, which suggests 
immigrants who arrive at young age in the host countries have similar life-styles to the 
native culture with respect to physical activity. The possible reason for the lower 
prevalence of physical activity found for early AA (less than 18 years) NESC 
immigrants may relate to the influence of parental perceptions and experiences of 
leisure-time physical activity. This possibility has been supported by the finding of an 
earlier Australian study showing father’s English language ability to be positively 
associated with the perception or understanding about hobbies and sports among 
immigrant children (Guven & Islam 2015). On the other hand, AA between 18 to 34 
years was only associated with significantly higher prevalence of physical activity 
among immigrants from ESC. Otherwise, there was no difference in the prevalence of 
physical activity when ESC respondents had an AA either less than 18 years or more 
than 35 years, compared with NB Australians. Furthermore, these results suggest that 
the association between DoR and physical activity was partially modified by AA 
among immigrants (ESC and NESC combined). However, it was not possible to 
investigate the three-way interaction between AA, nativity and DoR in this study due 
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to insufficient sample size. Moreover, there was little convincing evidence of change 
in conclusions after adding English language proficiency, SES factors and social 
support variables of the relationships between AA, CoB/AA and DoR/AA and 
physical activity. In future research, it would be worth investigating the possible 
mechanisms for AA effect and the three-way association in influencing engagements 
in physical activities.
English language proficiency was found to be an important mediator of the 
relationships between nativity/DoR and physical activity for immigrants from NESC. 
Once the English language proficiency was controlled for (Table 37, Model II and 
Table 38, Model II), the disadvantage of immigrants from NESC relative to NB 
Australian disappeared and also they were not measurably different from the NB in 
terms of physical activity for any DoR category. This finding is consistent with the 
earlier research evidence suggesting that the ability to speak English language 
significantly influences the physical activity of immigrants (Crespo et al. 2001;
Dassanayake et al. 2011). Earlier research evidence also suggest that a better 
proficiency in English language motivates an immigrant from non-English speaking 
background to make better use of information (mass media) and promotion of 
recreational physical activities (Caperchione, Kolt & Mummery 2013; Evenson, 
Sarmiento & Ayala 2004; Salinas et al. 2014).
It is also plausible that better socioeconomic conditions, such as having higher 
qualifications or being employed, may have improved the English language ability of 
immigrants from NESC over time, which might have influenced their engagements in 
leisure-time physical activities. In fact, the proportion of respondents having university 
level education was higher among immigrants from NESC than ESC immigrants and 
NB respondents in this study (see Table 1 in Chapter 4). Education status and English 
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language proficiency of immigrants from NESC were significantly associated with 
each other (p= < 0.0001). For example, approximately 96% of immigrants from NESC 
who had a university level of education were either proficient or reporting speaking 
English very well or well. The descriptive results of this study suggest that English 
language proficiency may be operating as a mediator through education status of 
NESC immigrants and several other mechanisms in the associations between 
nativity/DoR and physical activity. Further understanding the potential intermediate 
pathways that may explain why English proficiency is associated with change over 
time in the physical activity of immigrants from non-English speaking background is 
an important area for future research.
On the other hand, English language proficiency is acting as a potential mediator only 
for short-term immigrants from ESC as their non-significant odds ratio (Table 38, 
Model I) become significant (Table 38, Model II) after controlling for it. However, 
English language proficiency was not a mediator for immigrants from ESC with DoR 
either between 10-19 years or 20+ years. In this study, English language proficiency 
may have acted as an advantage for immigrants from ESC during their initial years of 
residence in Australia (shorter DoR) through understanding of health education 
materials or easier access to exercise facilities.
This study has several important limitations. First, data on physical activity were based 
on self-reported questionnaires (subjective measures) without being validated with an 
objective measure (accelerometer or pedometer). The self-reported measures used in 
this study may be susceptible to recall bias or social desirability bias (Sallis & Saelens 
2000). Therefore, future research should include both objective and subjective 
measures of physical activities with reliable and validated tools to account for accurate 
measurement of physical activity (Hoos et al. 2012). Second, the question about 
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physical activity asked in HILDA survey does not explicitly distinguish between 
leisure-time and non-leisure time physical activity. As such, occupational or 
transportation-related physical activities may have constituted higher components of 
total physical activities performed, particularly among NESC immigrants (Kandula & 
Lauderdale 2005; Wolin et al. 2006), given a non-recognition of their overseas 
qualifications in particular combined with other forms of discrimination that over-
represent them in the secondary and informal/low skilled job markets which often 
involve lower-paying ‘manual’ employments (Ayala et al. 2011; Brooks 1996; 
Hawthorne 1997; O’Driscoll et al. 2013). Therefore, more rigorous research is needed 
to examine the trajectories in different types of physical activities (both leisure and 
non-leisure time physical activities) among diverse immigrant groups in Australia. 
Third, the available variable in HILDA dataset focused on self-reported English 
language proficiency measure had some limitations. Though English language 
proficiency is measured at the individual level, we cannot assume that respondents 
who only speak English at home are proficient in the English language. For example, 
there could be some migrants from non-English speaking country with an Australian 
(native English-speaking) mono-lingual partner and children. So, English would be the 
only language spoken at home for them, but they may not speak it very well. Moreover, 
reporting of English language ability of second generation immigrants, those who have 
either one or both of their parents as a native-born English speaker living together with 
them, might be influenced by the language of communication at the household level. 
However, none of these language-based measures, including the household level 
communication status with other family members for each respondent, are available in 
HILDA survey. Therefore, future research among Australian immigrants should 
include examination of multiple types of language measures (e.g., proficiency, usage, 
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and preference) to understand its influence on physical activity. Finally, gender 
differences in engagement in physical activities were not investigated in this study. 
However, as the major emphasis of this study was to investigate the association 
between physical activity and migration related factors, gender was instead controlled 
in all the regression models.
Despite its limitations, this study makes a significant contribution to the migration 
literature by overcoming some limitations of previous work through the use of 
longitudinal data with twelve years of follow-up and also comparing immigrant groups 
(ESC and NESC) simultaneously with NB Australians as a reference group. In 
summary, this study suggests that, although the disadvantage attenuated to some extent 
over time, immigrants from NESC retain a lower prevalence of physical activity 
compared to the NB even after 20+ years of residence in Australia. English language 
proficiency mediated this effect among immigrants from NESC, irrespective to their 
duration of residence in Australia. This suggests the need to promote adequate physical 
activities in day-to-day lifestyle of immigrants from NESC through public health 
interventions in languages other than English as well as improved access to English 
language programs among this group of immigrants. Age at arrival in Australia was 
found to be a moderator for the associations between nativity/DoR and engagement in 
physical activities among immigrants. Therefore, immigrants who come to Australia 
at younger age (children and adolescents) and have shorter duration of residence also 
needs to be educated both at home and at school, regarding the importance of leisure-
time physical activity to improve their overall health status.
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CHAPTER 7: ALCOHOL CONSUMPTION
7.1 Introduction
This chapter describes the results for alcohol consumption behaviour (considered as a 
binary outcome) based on the longitudinal analyses of twelve waves of data from the 
HILDA survey as one of the primary research question of this thesis. First, the specific 
research questions for this chapter are outlined. Second, the observed trends in risky 
alcohol drinking behaviour by nativity DoR, and AA across all the waves are also 
illustrated and described. Third, the results obtained from the multilevel mixed 
(hybrid) logistic regression models (details in the research methodology chapter) are 
presented and described to investigate the nature of the associations between nativity, 
DoR and risky alcohol drinking behaviour in the Australian context. Finally, the results 
are interpreted, discussed, and explained by comparing with findings from earlier 
related research. The methodological limitations of the alcohol consumption variables 
and suggestions for future research are referred to where appropriate in the discussion 
section.
Specific research questions
This chapter aims to answer the following four research questions:
(1) Does risky alcohol drinking differs by nativity status (native-born (NB) 
Australians), foreign-born (FB) people from English speaking countries (ESC) and 
non-English speaking countries (NESC)?;
(2) If differences in risky alcohol drinking exist by nativity status, does it change as 
duration of residence (DoR) of FB people increases?; 
(3) Is the association between nativity, DoR and risky alcohol drinking modified by 
age at arrival (AA)?; and
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(4) Does English language proficiency, socioeconomic status (SES) and social 
participation/ social club membership mediate the association between nativity, 
duration of residence and risky alcohol drinking?
7.2 Results
7.2.1 Observed trends in risky drinking by nativity status (CoB), duration of 
residence (DoR) and age at arrival (AA)
Figure 10 shows observed trends in risky alcohol drinking behaviour by CoB (Figure 
10A), DoR (Figure 10B) and AA (Figure 10C) respectively for waves 1 to 12. Figure 
10 (A) suggests that the prevalence of risky drinking gradually decreases over time 
among FB from NESC and NB respondents but is steady for FB from ESC. 
Irrespective of wave, FB people from NESC are less likely to be risky drinkers than 
FB from ESC and NB people. At wave 1, the prevalence of risky drinking behaviour 
was found to be 21% for FB respondents from NESC, 35% for FB respondents from 
ESC and 40% for NB people. At wave 12, the risky drinking prevalence was 17% for 
NESC, 35% for ESC and 36% for NB respondents respectively. 
Figure 10 (B) suggests that risky drinking behaviour is less prevalent among FB 
respondents with less than 10 years of DoR than other DoR groups, across most of the 
waves. At wave 1, the prevalence of risky drinking behaviour among FB people with 
less than 10 years, 10 to 19 years, and more than 20 years DoR in Australia were 26%,
29% and 27% respectively, decreasing to 23%, 28% and 26% by wave 12. 
Figure 10 (C) suggests that the overall prevalence of risky drinking decreases over 
time across all AA groups as well as NB respondents. The prevalence of risky drinking 
at wave 1 among FB people who arrived in Australia before 18 years of age, between 
18 to 34 years and more than 35 years was 34%, 25% and 18% respectively, compared 
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with 40% for the NB. However, by wave 12, this prevalence decreased to 32%, 23% 
and 16% respectively, for the above AA groups.
Figure 10: Observed trends in risky drinking (%) by nativity status (CoB), duration of 
residence (DoR) and age at arrival (AA).
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from English 
speaking countries (ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in Australia 
is categorised as less than 10 years, 10 to19 years, and greater than or equal 20 years and age at arrival (AA) is 
categorised as less than 18 years, 18 to 34 years and greater than or equal to 35 years. DoR and AA are applicable 
only for foreign-born (FB) respondents. All the estimates in Figure 10 are unadjusted.
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However, it is acknowledged that the differentials observed in trends of risky alcohol 
drinking behaviour shown in Figure 10 may be due to the influence of other variables 
associated with nativity status, DoR and AA in Australia. Hence, to control for the 
influence of other variables, mixed (hybrid) logistic regression models (detailed in the 
methods chapter) were utilised, with the results detailed in the following section.
7.2.2 Results of regression analysis
Table 40 shows the sequential regression results for the association between nativity 
status and risky drinking behaviour. Table 41 presents the regression results for risky 
drinking behaviour by DoR and nativity combined with duration of residence 
(CoB/DoR). Table 42 details a regression models focused on how AA moderates the 
relationship between: (i) CoB and risky drinking, and (ii) DoR and risky drinking. 
Model I results in Table 40 suggests that FB respondents from NESC had significantly 
lower odds of risky drinking behaviour compared to the NB respondents (OR= 0.13; 
CI= 0.11 to 0.17), after controlling for age, sex, wave number and the number of times 
a person responded between waves 1 and 12. However, there was no significant 
difference in the odds of risky drinking behaviour between FB respondents from ESC 
and NB respondents (OR= 1.03; CI= 0.83 to 1.29). Further controlling for the possible 
mediating variables such as English language proficiency (Model II), level of 
education, employment status, marital status, and household equivalised income 
(Model III), and social participation and social club membership (Model IV), did not 
change these conclusions substantially.
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Table 40: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% 
confidence intervals (CI) of risky drinking by nativity/country of birth (CoB).
Effect Model I Model II Model III Model IV
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Nativity status 
ESC 1.03 (0.83, 1.29) 1.03 (0.83, 1.29) 1.08 (0.86, 1.34) 1.09 (0.87, 1.35)
NESC 0.13** (0.11, 0.17) 0.31** (0.23, 0.42) 0.43** (0.31, 0.58) 0.43** (0.32, 0.59)
NB (R) 1.00 1.00 1.00 1.00
Notes: Nativity status/country of birth (CoB) is categorised as NB (native-born), FB (foreign-born) from English 
speaking countries (ESC) and non-English speaking countries (NESC).
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. 
Model II adds English language proficiency to the covariates in Model I. Model III additionally includes the 
socioeconomic status (level of education, employment status, marital status, and household equivalised income) to the 
covariates in Model II. Model IV adds social participation and social club membership to the covariates in Model III.
*p < 0.05; **p < 0.01.
Model I results in Table 41 show that after controlling for age, sex, wave number, and 
number of times a person responded, the odds of risky drinking was lower across all 
DoR categories among FB respondents (combined ESC and NESC), relative to NB 
respondents. Further adding all the possible mediators (Models II, III and IV), no 
significant difference in the odds of risky drinking was found between FB respondents 
with longer DoR (20+ years) and the NB group (OR= 0.91; CI= 0.73 to 1.14 for Model 
II, OR= 0.97; CI= 0.77 to 1.21 for Model III & OR= 0.92; CI= 0.74 to 1.16 for Model 
IV). However, in case of FB respondents with DoR less than 20 years, further addition 
of possible mediators (Models II, III and IV) did not change the conclusions 
significantly with the exception of Model IV (DoR; 10-19 years) results. For instance, 
after including the social participation/membership variables (Model IV, Table 41), 
the lower likelihood of risky drinking among FB respondents found in the earlier 
models (Models I, II and III) disappeared when their DoR was between 10-19 years 
(OR= 0.77; CI= 0. 56 to 1.05).
With respect to the CoB/DoR effect on risky drinking, Model I results from Table 41
shows that after adjusting for age, sex, and wave number together with the number of 
times a person responded, the odds of risky drinking were significantly lower among 
FB respondents from NESC than the NB respondents, irrespective of their DoR in 
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Australia. Adding possible mediating variables (Model II, III and IV), did not change 
this conclusion while their DoR was less than 20 years. However, no difference in the 
odds of risky drinking was found between FB from NESC with longer DoR (20+ years) 
and NB respondents after adding the mediating SES factors (Model III), and further 
adding social participation/membership variables (Model IV) did not change this 
conclusion substantially. In case of FB from ESC, DoR had no impact on the odds of 
risky drinking compared to the NB respondents. After adding all possible mediators 
(Models II, III and IV in Table 41), the effect of DoR on risky drinking for them did 
not significantly change in most cases. But, the results changed for FB from ESC with 
DoR less than 10 years, after adding the SES factors (Model III) and the conclusion 
did not change after further adding social participation/membership variables (Model 
IV). For example, a higher odds of risky drinking was found among them compared to 
the NB respondents when their DoR was less than 10 years (OR= 1.79; CI= 1.01 to 
3.16 for Model III & OR= 1.78; CI= 1.01 to 3.12 for Model IV).
Table 41: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% 
confidence intervals (CI) of risky drinking by (i) duration of residence (DoR) and (ii) nativity/country of birth 
(CoB) combined with duration of residence (CoB/DoR).
Effect Model I Model II Model III Model IV 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
DoR
DoR < 10 0.12** (0.08, 0.17) 0.36** (0.24, 0.53) 0.44** (0.30, 0.64) 0.48** (0.33, 0.70)
DoR 10 - 19 0.26** (0.20, 0.35) 0.66** (0.48, 0.90) 0.72* (0.53, 0.99) 0.77 (0.56, 1.05)
0.59** (0.47, 0.73) 0.91 (0.73, 1.14) 0.97 (0.77, 1.21) 0.92 (0.74, 1.16)
NB (R) 1.00 1.00 1.00 1.00
CoB/DoR
ESC; DoR < 10 1.52 (0.86, 2.69) 1.55 (0.88, 2.72) 1.79* (1.01, 3.16) 1.78* (1.01, 3.12)
ESC; DoR 10 - 19 1.19 (0.78, 1.81) 1.19 (0.78, 1.82) 1.16 (0.76, 1.77) 1.15 (0.75, 1.75)
ESC; 0.95 (0.72, 1.26) 0.91 (0.69, 1.20) 0.99 (0.75, 1.31) 1.01 (0.76, 1.33)
NESC; DoR < 10 0.04** (0.02, 0.06) 0.13** (0.08, 0.22) 0.14** (0.08, 0.23) 0.14** (0.08, 0.24)
NESC; DoR 10 - 19 0.10** (0.07, 0.15) 0.33** (0.21, 0.53) 0.36** (0.23, 0.58) 0.37** (0.24, 0.60)
0.31** (0.23, 0.42) 0.66* (0.46, 0.93) 0.73 (0.51, 1.04) 0.71 (0.50, 1.01)
NB (R) 1.00 1.00 1.00 1.00
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from English speaking 
countries (ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in Australia is categorised as less 
than 10 years, 10 to19 years and greater than or equal to 20 years, and is combined with the nativity status as described above.
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. Model II 
adds English language proficiency to the covariates in Model I. Model III additionally includes the socioeconomic status (level 
of education, employment status, marital status, and household equivalised income) to the covariates in Model II. Model IV adds 
social participation and social club membership to the covariates in Model III.
*p < 0.05; **p < 0.01.
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Model I results from Table 42 shows that after controlling for age, sex, wave number, 
and the number of times a person responded between waves 1 and 12, the odds of risky 
drinking were significantly lower across all AA groups among FB respondents 
(combined ESC and NESC) relative to NB respondents.
With regard to the effect of CoB/AA on risky drinking behaviour, Model I results from 
Table 42 suggests that after controlling for age, sex, wave number, and the number of 
times a person responded, relative to NB respondents, the odds of risky drinking was 
significantly lower among FB people from NESC across all AA groups: less than 18 
years (OR= 0.18; CI= 0.13 to 0.26), between 18 to 34 years (OR= 0.11; CI= 0.08 to 
0.16) and more than or equal to 35 years (OR= 0.10; CI= 0.05 to 0.17). For immigrants 
from ESC, there was no significant difference in the odds of risky drinking compared 
to NB respondents, regardless of their AA in Australia. After adjusting for age, sex, 
and wave number, as well as the number of times a person responded (Model I, Table 
42), relative to NB Australians, FB respondents across all DoR categories had 
significantly lower odds of risky drinking regardless of the AA in Australia. 
Additionally, adjusting for English language proficiency, SES factors and social 
support variables (Models II, III and IV) in Table 42, the effect of AA and CoB/AA 
on alcohol drinking did not altered the conclusions substantially with the exceptions 
in some models. However, some significant changes in the estimates for the odds of 
risky drinking were observed among FB respondents with DoR combined with AA 
(DoR/AA), after adding these variables in the subsequent models (Model II, III and IV 
from Table 42). For example, only controlling for age, sex, wave number, and number 
of times a person responded (Model I), FB respondents with DoR more than 10 years 
(DoR;10-
than the NB respondents, irrespective of their AA. But, further adjusting for English 
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language proficiency, SES factors and social support variables in the subsequent 
models (Models II, III and IV in Table 42), the lower likelihood of risky drinking 
behaviour disappeared among these groups, relative to NB people.
Table 42: Multilevel mixed (hybrid) logistic regression results showing the odds ratios (OR) and their 95% 
confidence intervals (CI) of risky drinking by (i) age at arrival (AA) (ii) nativity/country of birth combined with age 
at arrival (CoB/AA) and (iii) duration of residence combined with age at arrival (DoR/AA).
Effects Model I Model II Model III Model IV 
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Age at arrival (AA)
AA; <18 0.47** (0.37, 0.59) 0.74* (0.58, 0.94) 0.79 (0.62, 1.01) 0.81 (0.63, 1.03)
AA; 18-34 0.33** (0.26, 0.41) 0.77 (0.59, 1.00) 0.90 (0.68, 1.17) 0.91 (0.70, 1.19)
0.16** (0.10, 0.26) 0.37** (0.23, 0.59) 0.49** (0.31, 0.79) 0.52** (0.32, 0.82)
NB (R) 1.00 1.00 1.00 1.00
CoB/AA
ESC; AA <18 1.23 (0.89, 1.69) 1.23 (0.90, 1.69) 1.28 (0.94, 1.76) 1.29 (0.94, 1.77)
ESC; AA 18-34 1.04 (0.75, 1.45) 1.04 (0.75, 1.44) 1.12 (0.81, 1.55) 1.11 (0.80, 1.54)
0.57 (0.31, 1.05) 0.57 (0.31, 1.04) 0.62 (0.33, 1.14) 0.62 (0.34, 1.15)
NESC; AA <18 0.18** (0.13, 0.26) 0.40** (0.28, 0.57) 0.40** (0.28, 0.58) 0.42** (0.29, 0.60)
NESC; AA 18-34 0.11** (0.08, 0.16) 0.40** (0.26, 0.61) 0.54** (0.35, 0.83) 0.58* (0.38, 0.89)
0.10** (0.05, 0.17) 0.31** (0.16, 0.61) 0.42* (0.21, 0.83) 0.45* (0.23, 0.89)
NB (R) 1.00 1.00 1.00 1.00
DoR/AA
DoR < 10; AA <18 0.07** (0.03, 0.17) 0.39* (0.17, 0.89) 0.31** (0.13, 0.71) 0.28** (0.12, 0.64)
DoR < 10; AA 18-34 0.14** (0.08, 0.22) 0.53** (0.33, 0.85) 0.64 (0.40, 1.04) 0.64 (0.40, 1.03)
0.13** (0.06, 0.26) 0.49* (0.25, 0.95) 0.56 (0.28, 1.09) 0.51 (0.26, 1.02)
DoR 10-19; AA < 18 0.26** (0.16, 0.40) 0.76 (0.48, 1.20) 0.72 (0.46, 1.14) 0.67 (0.43, 1.06)
DoR 10-19; AA 18-34 0.28** (0.18, 0.43) 0.80 (0.51, 1.26) 0.86 (0.55, 1.36) 0.90 (0.57, 1.42)
DoR 10- 0.23** (0.11, 0.49) 0.65 (0.30, 1.38) 0.75 (0.35, 1.62) 0.76 (0.35, 1.64)
0.69** (0.52, 0.91) 0.88 (0.66, 1.16) 0.94 (0.71, 1.25) 0.94 (0.71, 1.25)
-34 0.52** (0.37, 0.73) 0.93 (0.65, 1.33) 1.11 (0.78, 1.58) 1.12 (0.78, 1.59)
0.26** (0.11, 0.61) 0.46 (0.19, 1.14) 0.55 (0.22, 1.33) 0.51 (0.20, 1.28)
NB (R) 1.00 1.00 1.00 1.00
Notes: Nativity status/country of birth (CoB) is categorised as native-born (NB), foreign-born (FB) from English speaking 
countries (ESC) and non-English speaking countries (NESC). Duration of residence (DoR) in Australia is categorised as less 
than 10 years, 10 to19 years and greater than or equal to 20 years, and is combined with AA categories: less than 18 years, 18 to 
34 years and greater than or equal to 35 years. 
Model I controls for age, sex, wave number (time), and number of times a person responded between waves 1 and 12. Model II 
adds English language proficiency to the covariates in Model I. Model III additionally includes the socioeconomic status (level 
of education, employment status, marital status, and household equivalised income) to the covariates in Model II. Model IV adds 
social participation and social club membership to the covariates in Model III.
*p < 0.05; **p < 0.01.
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Additionally, a separate sensitivity analysis examined the effect of possible selection 
bias on risky alcohol drinking behaviour for all regression models by accounting for 
attrition. This was done by including either the variable “the last wave a person 
responded” or the binary form of this variable (‘zero’ if attrited between waves 2-6 or 
‘one’ if attrited between waves 7-12) instead of the variable “number of times a person 
responded between 1-12”. No major change in the conclusions of any models were 
found after replacing these attrition-related variables (only results for Model I are 
shown in the Appendix VI).
7.2.3 Summary of results
In summary, after controlling for age, sex, wave number (time), and the number of 
times a person responded between waves 1 and 12, immigrants from NESC had lower 
odds of risky drinking, relative to NB respondents. In contrast, there was no significant 
difference in the odds of risky drinking behaviour between immigrants from ESC and 
NB respondents. There was no evidence of a significant change in these results by 
DoR amongst immigrant groups from either ESC or NESC. Irrespective of AA in 
Australia, immigrants (combined ESC and NESC) had lower odds of risky drinking 
than the NB Australians. Additionally, there was no evidence of moderating effect of 
AA in the associations between nativity and risky drinking and DoR (combined ESC 
and NESC) and risky drinking behaviour after controlling for age, sex, wave number 
and number of times a person responded. Socioeconomic status was found to be a 
potential mediator for the association between DoR and risky alcohol drinking among 




First, the lower prevalence of risky alcohol drinking among immigrants from NESC 
found in this study are consistent with earlier research findings from the United States 
(Abraido-Lanza, Chao & Florez 2005; Prado et al. 2009; Strunin et al. 2007; 
Szaflarski, Cubbins & Ying 2011), Canada (Agic et al. 2015; McDonald 2005; Pérez 
2002), the United Kingdom (Bécares, Nazroo & Stafford 2011; Bhopal et al. 2004; 
Gazard et al. 2014; Jayaweera & Quigley 2010; McKeigue & Karmi 1993), and 
Australia (Bennett 1993; Bertram, Flaherty & Everingham 1996; Donato-Hunt, Munot 
& Copeland 2012; Jirojwong & Manderson 2002; Strong, Trickett & Bhatia 1998)
focused on various immigrant groups. One plausible explanation for the lower rates of 
risky drinking found in this study among NESC immigrants compared to NB 
Australians are differing cultural beliefs, religious traditions, norms and attitudes 
associated with alcohol drinking behaviour. This argument has been supported by 
earlier studies suggesting cultural retention by immigrants is associated with 
avoidance of risky alcohol drinking behaviours (Arfken et al. 2013; Ayuka & Barnett 
2015; Chi, Lubben & Kitano 1989; Gutmann 1999; Hosper et al. 2007; Zsembik & 
Fennell 2005). Additionally, living in neighbourhoods with a higher density of 
immigrants from non-English speaking backgrounds could be another protective factor 
for lower rates of risky alcohol drinking found in this study among immigrants from 
NESC (Bécares, Nazroo & Stafford 2011; Kimbro 2009).
On the other hand, no significant difference found in the prevalence of risky alcohol 
drinking between immigrants from ESC and NB respondents is in line with earlier 
Australian literature among immigrants from the United Kingdom and New Zealand 
(Bennett 1993; Strong, Trickett & Bhatia 1998). In contrast, some earlier research and
national surveys have indicated higher rates of alcohol drinking among British-born 
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immigrants compared with NB Australians (Australian Bureau of Statistics 2012a; 
Bennett 1993). It could be that different measures of alcohol consumption and sample 
size may explain these contradictory findings. In general, similarity in the culture, 
language, and socioeconomic profile between an English speaking country of origin 
and Australia may explain a similarity in the prevalence of risky drinking between 
ESC immigrants and NB Australians (Kennedy et al. 2015). To fully understand the 
cultural factors associated with alcohol drinking, future studies should measure levels 
of alcohol consumption prior to migration to obtain information on the trajectory of 
drinking behaviour as it is influenced by the migration experience (Borges et al. 2006; 
De La Rosa et al. 2013).
Second, against the expectations of acculturation hypothesis, duration of residence 
(DoR) in Australia was not associated with any change over time in risky alcohol 
drinking behaviour of either FB groups (ESC and NESC) after controlling for age, sex, 
wave number, and number of times a person responded. Earlier research has shown 
mixed evidence regarding the effect of acculturation (duration of residence being one 
of the major measures) on alcohol consumption behaviour among diverse group of 
immigrants in the major migrant hosting countries. Most of the prior studies have 
found higher acculturation to be associated with increased likelihood of alcohol 
consumption among immigrants from non-English speaking backgrounds (Abraido-
Lanza, Chao & Florez 2005; Agic et al. 2015; Bennett 1993; Black & Markides 1993; 
Johnson, VanGeest & Ik Cho 2002; Karriker-Jaffe & Zemore 2009; Kimbro 2009; 
Mills & Caetano 2012). However, consistent with the findings of this study, there is 
also an evidence that acculturation does not influence the alcohol consumption 
behaviour of immigrants over time (Chiu et al. 2012; Jirojwong & Manderson 2002; 
Markides et al. 1990; Szaflarski, Cubbins & Ying 2011). These inconsistent findings 
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may be due the differences in national alcohol drinking guidelines, and variations in 
methodology and acculturation measures used. Strong family relations and parental 
influences may also have played a role in reducing the likelihood of risky drinking 
among immigrants from NESC, despite a long duration of residence in Australia (Niño 
et al. 2015; Prado et al. 2009). As risky alcohol drinking behaviour among immigrants 
from NESC does not converges towards the native-born Australians even in the long-
term (20+ years), this suggests that changes in alcohol drinking behaviour may occur 
relatively slowly compared to other life-styles or health behaviours due to religious 
norms or attitudes towards alcohol drinking being strongly embedded in their culture 
of origin (Hosper et al. 2007). These findings suggest that being immigrant from NESC 
may be a protective factor for alcohol drinking, further study should take an integrative 
approach to explore other contextual factors including cultural beliefs and family 
influence as additional acculturation measures of alcohol drinking among diverse 
migrant groups in multicultural Australia.
Third, another finding of this study is the lower prevalence of risky drinking across all 
age at arrival (AA) groups in contradiction to previous evidence showing either higher 
risky drinking or patterns similar to native-born people among immigrants who arrive 
in the host country as a child or adolescent (Agic et al. 2015; Borges et al. 2012; 
Kimbro 2009; Salas-Wright et al. 2014). However, differences in the measurement of 
alcohol consumption including the standard drinks categorisation, and also the 
grouping of age at arrival may explain these discrepant results. Moreover, even after 
interacting AA with either nativity or DoR, these associations were not changed, 
suggesting that, regardless of AA, nativity/DoR has an independent influence on 
determining the risky alcohol drinking behaviour of immigrants. 
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On the other hand, it is also possible that the moderating effect of AA for the 
association between DoR and risky drinking may act differently among immigrants 
from ESC and NESC. Due to insufficient sample size, it was not possible to further 
explore the three-way interaction between AA, nativity and DoR in this study. Further 
studies are needed to determine if this three-way association in influencing risky 
alcohol drinking. There was little convincing evidence of change in results after adding 
English language proficiency, SES and social support variables for the moderating 
effects of AA on nativity/DoR and alcohol consumption behaviour relationships 
(Models II, III and IV from Table 42). Therefore, proper mediation analysis is 
warranted to understand the dynamic and causal pathways of these associations for 
determining acculturation of alcohol drinking behaviour among diverse immigrant 
groups in Australia. 
With respect to the results after adding the mediating variables, there was a 
convergence of risky drinking found in this study after adjusting for mediating SES 
factors (see Models III in Table 41) among NESC immigrants when their DoR was 
more than 20 years. This finding suggests that after staying for a longer duration in 
Australia, the SES conditions may have changed, leading to increased alcohol 
consumption. On the other hand, the mediating role of SES factors found for short-
term (DoR < 10 years) immigrants from ESC suggests that the advantage in terms of 
having higher income or better employment status during their initial years in Australia 
might have influenced their alcohol drinking patterns. While looking for the 
association between acculturation and alcohol drinking behaviour of immigrants, 
interconnectedness/interactions of acculturation and SES factors can make it difficult 
to separate the independent influences of each of these factors. For example, English 
language proficiency or skills as a part of acculturation may change with increasing 
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SES (e.g., education level, income and social participations). On the other hand, 
immigrants may have better chances for employment opportunities as they become 
bilingual and/or bicultural after assimilating to the host culture. Both of these 
interrelated scenarios may have influenced significantly for the changes in patterns of 
alcohol drinking behaviour among immigrant groups in this study. Some earlier 
studies among different ethnic group of migrants have shown that immigrants 
socioeconomic status (Amundsen 2012; Arfken et al. 2013; Karriker-Jaffe & Zemore 
2009; Lo, Cheng & Howell 2014; Marks, Garcia & Solis 1990; Szaflarski, Cubbins & 
Ying 2011) and social support/interaction (Amundsen 2012; Perreira & Cortes 2006; 
Prado et al. 2009) can influences the acculturation of alcohol drinking behaviour 
during their stay in the host countries. Acculturative stress associated with 
unemployment, economic hardship and low social status or social isolation, while 
assimilating in the Australian culture might have also played a significant role for 
acculturation of alcohol consumption behaviour among NESC immigrants (Acosta et 
al. 2015; Buchanan & Smokowski 2009; Caetano, Clark & Tam 1998).
Results of this study should be considered in light of the limitations of research 
methodology. First, risky drinking measures used in this study were based on self-
report, which may result in under-reporting of alcohol consumption either intentionally 
or due to recall bias. However, self-reported measures have been found to be a reliable 
and valid approach to measuring alcohol consumption (Del Boca & Darkes 2003; 
Midanik 1988). Moreover, the self-completion questionnaire used in HILDA survey 
has been extensively validated and repeatedly used in other Australian national 
household surveys. Second, alcohol drinking measures used in this study are based on 
the 2009 National Health and Medical Research Council (NHMRC) guidelines for 
lifetime risk (not to exceed more than 2 standard drinks per day) associated with 
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alcohol consumption. A focus on the amount of alcohol consumed in a single occasion 
may have produced distinct findings. 
Unfortunately, information about alcohol consumption on single occasion or setting 
was not collected in all waves of HILDA survey. Due to the longitudinal study design, 
this study is unable to analyse the single occasion measure of alcohol drinking. Third, 
this study was unable to investigate the different reasons for alcohol consumption due 
to the lack of available information in HILDA survey. Understanding the motivational 
factors for alcohol consumption, such as drinking during social interaction, celebration 
or relaxation may provide broader insights into alcohol drinking behaviours and could 
assist in implementing appropriate interventions to reduce risky alcohol drinking 
among diverse immigrant groups in Australia. 
Finally, gender differences in engagement in risky drinking were not investigated in 
this study. However, earlier research have suggested that immigrants’ alcohol 
consumption varies by gender and it is also possible that acculturation may have acted 
differently among male and female immigrants (Abraido-Lanza, Chao & Florez 2005; 
Lara et al. 2005; Wahl & Eitle 2010). As the major emphasis of this study was on 
investigating the longitudinal association between risky drinking behaviour and 
nativity status and other migration related factors, gender was instead controlled in all 
the regression models. More extensive longitudinal research on gender based alcohol 
drinking patterns is recommended in future studies among diverse immigrant 
populations. Further, it is also possible that subgroup differences in alcohol drinking 
may exist among the nativity groups examined in this study. Due to small sample sizes 
and/or low statistical power, three broad nativity groups were used in this study. Thus, 
a more in-depth examination of subgroup differences among diverse subgroups of 
immigrants with sufficient sample sizes could be important for future studies.
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The findings from this study suggest that some contextual factors such as cultural 
beliefs, religion, family relations and neighbourhood may influence the alcohol 
drinking behaviour of immigrants above and beyond the most frequently studied 
acculturation measures such as DoR and AA. Therefore, these findings have important 
implications for future robust epidemiologic and interventional research to investigate 
the immigrants’ patterns of risky alcohol drinking, for the development of more 




Unlike the majority of prior research that examined nativity and health behaviour 
associations using cross-sectional data, this thesis used twelve waves of nationally 
representative longitudinal HILDA survey data and multilevel mixed (hybrid) logistic 
regression models to investigate the dynamics of migration and health behaviours in 
the context of Australia. Specifically, this thesis investigates the effects of nativity 
status (foreign-born (FB) from English speaking countries (ESC) and non-English 
speaking countries (NESC) and native-born (NB)), and duration of residence in 
Australia on three key health behaviour outcomes, namely tobacco smoking, physical 
activity and alcohol consumption. It also investigates whether the associations between 
nativity, duration of residence (DoR) and health behaviours are modified by age at 
arrival (AA). This thesis also explores English language proficiency, socioeconomic 
status (level of education, employment status, marital status, and household 
equivalised income) and social participation/club membership as possible pathways 
(mediators) of nativity, DoR and health behaviour relationships. This chapter first 
presents the overview of the key findings of this study; then presents the strengths and 
limitations of this study; and finally, makes suggestions for future research.
8.2 Overview of key findings
After adjusting for age, sex, wave number, and number of times a person responded, 
relative to NB respondents, there was no difference in the odds of smoking for ESC 
immigrants, while NESC immigrants had lower odds of smoking. There was no 
evidence that these differences changed by DoR among ESC immigrants whereas 
NESC immigrants smoking prevalence converged towards the NB after twenty years 
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of DoR in Australia. With respect to physical activity, immigrants from ESC had 
higher odds of physical activity, while immigrants from NESC had significantly lower 
odds of physical activity than NB Australians, after controlling for age, sex, wave 
number and number of times a person responded. ESC immigrants had higher odds of 
physical activity than NB people when their DoR was 20 years or more, whereas there 
was no evidence that these differences changed by DoR amongst immigrants from 
NESC. In terms of risky drinking, after adjusting for age, sex, wave number, and 
number of times a person responded, immigrants from ESC were not significantly 
different from NB respondents (irrespective of their duration of residence), while 
immigrants from NESC had lower odds of risky drinking as compared to NB 
respondents; an advantage which they maintained throughout their stay in Australia. 
The associations between DoR and smoking and DoR and physical activity were 
modified by AA. Long-term (20+ years of DoR) immigrants (combined ESC and 
NESC) who were under 18 years of AA, were more likely to smoke. On the other hand, 
short-term (less than 20 years of DoR) immigrants (combined ESC and NESC) who 
arrived as children or adolescents (less than 18 years of AA) were significantly less 
likely to be physically active than NB Australians. However, there was no evidence 
that AA affected the association between either nativity and risky drinking or duration 
of residence and risky drinking behaviour of immigrant groups after controlling for 
age, sex, wave number, and number of times a person responded.
There was no convincing evidence of mediation by English language proficiency, 
socioeconomic status and social participation/club membership for the associations 
between nativity/DoR and tobacco smoking behaviour. However, English language 
proficiency was an important mediator for the relationships between nativity (CoB)
and physical activity and between duration of residence and physical activity among 
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immigrants from NESC. Socioeconomic status was found to be a potential mediator 
for the association between DoR and risky alcohol drinking among short-term (DoR
<10 years) immigrants from ESC and long-
8.3 Limitations and strengths of this study
It is important to outline the major limitations of this study. First, all the health 
behaviour outcomes in this study are self-reported measures, and thus, this might 
underestimate the actual prevalence of health behaviours due to recall or social 
desirability bias. This has been described in chapters 5, 6 and 7 for each health 
behaviours considered in this thesis. Second, this study was not able to adequately 
account for important heterogeneity among immigrants from ESC and NESC due to 
small sample sizes. Third, this thesis was unable to investigate the three-way 
interaction between AA, nativity and DoR due to insufficient sample size. Fourth, due 
to incomplete data, this thesis has not analysed information on immigrant visa 
categories, such as regular migrants (e.g., employment visa, student visa, family visa, 
skilled visa, and family visa) and humanitarian migrants (e.g., refugees and asylum 
seekers). The possibility that immigrants’ generation status may have influenced the 
trajectories in health behaviour of migrants, was not explored in this study. Finally, 
gender differences in health behaviours were not investigated in this study, rather 
gender was controlled for in regression analysis.
This study has a number of strengths and fills important gaps in the current literature 
on migration and health behaviour. First, unlike a majority of previous studies which 
used single or repeated cross-sectional datasets which provide a snapshot at a point of 
time, this study uses national longitudinal survey data containing a variety of health 
behaviour measures to examine the nativity, duration of residence and health 
behaviour associations. Furthermore, the use of unbalanced longitudinal data and 
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group-mean-centred multilevel models addressed some of the limitations of previous 
research such as: (i) studies that have used balanced panels and have ignored potential 
biases caused by panel attrition, and (ii) regression models that do not account for 
unmeasured mediation. Second, unlike previous longitudinal studies which compared 
changes in health behaviour only among immigrants, this study compared immigrants 
with the native-born populations. Without this comparison, differences in health 
behaviour trajectories cannot be attributed to immigrant status. Third, this thesis also 
examined some of the pathways through which over time changes in health behaviours 
among immigrant vis-à-vis native-born take place. 
8.4 Implications for future research
Several implications can be drawn from the findings of this thesis for the design of 
future health promotion and disease prevention programmes for all Australians 
including immigrant groups. Given increasing proportions of foreign-born people in 
Australia, it is of concern that immigrants from NESC arrive with a positive health 
behaviour in terms of lower smoking prevalence than the native-born people but lose 
their health behaviour advantage over time after staying in Australia for more than 20 
years. Moreover, in the case of immigrants who arrived as children or adolescents 
(ESC and NESC combined), smoking prevalence was found to be higher compared 
with their NB counterparts, after twenty or more years of residency. The findings 
underscore why health promotion interventions should be separately designed and 
specifically targeted at native-born and (different) immigrant groups, e.g., smoking 
prevention programmes designed for immigrants from NESC and immigrants those 
who arrive in Australia at younger ages. Though this research has analysed Australian 
longitudinal data, these have potential implications in understanding the dynamics of 
migrants’ health behaviour in other immigrant receiving countries. The significant 
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differences in key health behaviours by nativity status, duration of residence and 
moderating role of age at arrival found in this thesis indicate that these migration-
related factors should also be considered while designing health education and 
promotion interventions for the Australian population. This study highlights the need 
for more robust studies using prospective research designs and objective measures of 
life-style related health behaviours to minimise recall and social desirability biases. 
Additionally, this study also demonstrates the necessity of considering English 
language proficiency and socioeconomic status when conceptualising the mechanisms 
that explain health behaviours of immigrants. Other mechanisms accounting for the 
association between migration and risky health behaviours also need to be further 
investigated. One of the implication of this study is that the complex concept of 
acculturation and its multi-faceted interrelationship with other factors need to be 
examined in future research to more clearly understand the findings from this thesis. 
Therefore, it is recommended that the implementation of health policies and 
interventions should also consider social, cultural and linguistic context of immigrant 
groups. 
Though this study has attempted to identify the role of key mediating variables in the 
exposure-outcome relationships, further research should employ more advanced 
epidemiological modelling strategies such as path analysis and structural equation 
models to address these research questions. As this thesis used three broad categories 
of nativity status (NB, ESC and NESC immigrants), a more in-depth investigation of 
immigrants’ subgroup differences with sufficient sample sizes at higher resolution to 
avoid masking important sources of heterogeneity could be important for future 
research. Future research examining the differences on key health behaviours should 
also consider other dimensions of migration such as between regular migrants and 
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humanitarian migrants, between immigrants having temporary visa and those on 
permanent visa, and generational cohort (e.g., first-generation, second-generation). 
Moreover, the majority of the immigrants in this study had more than twenty years of 
duration of residence (i.e., 67.0% for ESC and 48.2% for NESC had duration of 
residence more than 20 years at wave 1) in Australia at the beginning of the HILDA 
survey (wave 1). This limitation has some implications for the results of this study. 
For example, because of tightening of Australian migration policy in the 1980s, with 
a focus on better labour market performance of migrants to Australia, health criteria 
were more diligently enforced. Under these assumptions, a significant proportion of 
migrants with duration of residence more than 20 years would have been subject in 
practice to less intense health-selection pressures than those with shorter durations of 
residence, resulting in overall poor health for those who settled in Australia before the 
mid-1980s compared with later migrants. It would be ideal to analyse the datasets that 
follow migrants from the time since they arrive in Australia to better capture the degree 
and process of acculturation and subsequent assimilation in the host countries, and 
assess the impact of these factors for the over time changes in life-style related health 
behaviours of immigrants. Therefore, future national longitudinal surveys for 
immigrants should collect detailed data on key health behaviours of immigrants from 
the time they arrive in Australia in comparison to an appropriate cohort of native-born 
counterparts.
To conclude, this thesis demonstrate that the effect of duration of residence in Australia 
does not appear to be universal across all health behaviour measures and immigrant 
groups. Rather, it varies according to the measure of health behaviours and immigrant 
group under consideration. Additionally, this study demonstrates the role of age at 
arrival in modifying the associations between duration of residence and smoking, and 
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duration of residence and physical activity of immigrants. English language 
proficiency was found to be a potential mediator for NESC immigrants’ physical 
activities and socioeconomic status was found as a mediator for risky alcohol drinking 
among immigrants from ESC and NESC. The results of this thesis enhance
understanding of trajectories of three key health behaviours among immigrants’ and 
non-immigrants which have important implications for the development of public 
health policies. Given the unprecedented increase in global migration, these results are 
important to establish preventive care interventions such as advice on smoking 
cessation and fostering leisure-time physical activities for all Australians, specifically 
tailored for immigrants from non-English speaking backgrounds.
193
REFERENCES
Abraido-Lanza, AF, Chao, MT & Florez, KR 2005, 'Do healthy behaviors decline with 
greater acculturation? Implications for the Latino mortality paradox', Social Science & 
Medicine, vol. 61, no. 6, pp. 1243-55.
Abraído-Lanza, AF, Dohrenwend, BP, Ng-Mak, DS & Turner, JB 1999, 'The Latino 
mortality paradox: a test of the 'salmon bias' and healthy migrant hypotheses', 
American Journal of Public Health, vol. 89, no. 10, pp. 1543-8.
Acevedo-Garcia, D, Pan, J, Jun, H-J, Osypuk, TL & Emmons, KM 2005, 'The effect 
of immigrant generation on smoking', Social Science & Medicine, vol. 61, no. 6, pp. 
1223-42.
Acosta, SL, Hospital, MM, Graziano, JN, Morris, S & Wagner, EF 2015, 'Pathways to 
drinking among hispanic/latino adolescents: perceived discrimination, ethnic identity, 
and peer affiliations', Journal of Ethnicity in Substance Abuse, vol. 14, no. 3, pp. 270-
86.
Afable-Munsuz, A, Ponce, NA, Rodriguez, M & Perez-Stable, EJ 2010, 'Immigrant 
generation and physical activity among Mexican, Chinese & Filipino adults in the U.S', 
Social Science & Medicine, vol. 70, no. 12, pp. 1997-2005.
Agic, B, Mann, RE, Tuck, A, Ialomiteanu, A, Bondy, S, Simich, L & Ilie, G 2015, 
'Alcohol use among immigrants in Ontario, Canada', Drug and Alcohol Review, vol. 
35, no. 2, pp. 196-205.
Aguilera, MB & Massey, DS 2003, 'Social capital and the wages of Mexican migrants: 
new hypotheses and tests', Social Forces, vol. 82, no. 2, pp. 671-701.
Akresh, IR & Frank, R 2008, 'Health selection among new immigrants', American 
Journal of Public Health, vol. 98, no. 11, pp. 2058-64.
Allen, JD, Caspi, C, Yang, M, Leyva, B, Stoddard, AM, Tamers, S, Tucker-Seeley, 
RD & Sorensen, GC 2014, 'Pathways between acculturation and health behaviors 
among residents of low-income housing: the mediating role of social and contextual 
factors', Social Science & Medicine, vol. 123, pp. 26-36.
Allison, PD 2005, Fixed Effects Regression Methods for Longitudinal Data Using 
SAS, SAS Institute Inc, Cary, NC, USA.
194
Amundsen, EJ 2012, 'Low level of alcohol drinking among two generations of non-
Western immigrants in Oslo: a multi-ethnic comparison', BMC Public Health, vol. 12, 
no. 1, pp. 535-47.
An, N, Cochran, SD, Mays, VM & McCarthy, WJ 2008, 'Influence of American 
acculturation on cigarette smoking behaviors among Asian American subpopulations 
in California', Nicotine & Tobacco Research, vol. 10, no. 4, pp. 579-87.
Anand, SS, Yusuf, S, Vuksan, V, Devanesen, S, Teo, KK, Montague, PA, Kelemen, 
L, Yi, C, Lonn, E, Gerstein, H, Hegele, RA & McQueen, M 2000, 'Differences in risk 
factors, atherosclerosis, and cardiovascular disease between ethnic groups in Canada: 
the study of health assessment and risk in ethnic groups (SHARE)', The Lancet, vol. 
356, no. 9226, pp. 279-84.
Angrave, D, Charlwood, A & Wooden, M 2015, 'Long working hours and physical 
activity', Journal of Epidemiology and Community Health, vol. 69, pp. 738–44.
Anikeeva, O, Bi, P, Hiller, JE, Ryan, P, Roder, D & Han, G-S 2014, 'Trends in migrant 
mortality rates in Australia 1981–2007: a focus on the national health priority areas 
other than cancer', Ethnicity & Health, vol. 20, no. 1, pp. 29-48.
Anikeeva, O, Bi, P, Hiller, JE, Ryan, P, Roder, D & Han, GS 2010, 'The health status 
of migrants in Australia: a review', Asia Pacafic Journal of Public Health, vol. 22, no. 
2, pp. 159-93.
Antecol, H & Bedard, K 2006, 'Unhealthy assimilation: why do immigrants converge 
to American health status levels?', Demography, vol. 43, no. 2, pp. 337-60.
Arfken, C, Broadbridge, C, Jamil, H & Arnetz, B 2013, 'Immigrant Arab Americans 
and alcohol use: longitudinal study', Journal of Immigrant and Minority Health, pp. 1-
4.
Armstrong, BK, Margetts, BM, Masarei, JR & Hopkins, SM 1983, 'Coronary risk 
factors in Italian migrants to Australia', American Journal of Epidemiology, vol. 118, 
no. 5, pp. 651-8.
Atkinson, AB 1992, 'Measuring poverty and differences in family composition', 
Economica, vol. 59, no. 233, pp. 1-16.
Australian Bureau of Statistics 1996, National Health Survey, Users’ Guide, 1995, 
Catalogue No. 4363.0, ABS, Canberra.
195
Australian Bureau of Statistics 1998, Standard Australian Classification of Countries 
(SACC), Catalouge No. 1269.0, ABS, Canberra.
Australian Bureau of Statistics 2001a, Australian Social Trends 2001, Catalogue No. 
4102.0, ABS, Canberra.
Australian Bureau of Statistics 2001b, Labour Statistics: Concepts, Sources and 
Methods, Catalogue No. 6102.0, ABS, Canberra.
Australian Bureau of Statistics 2006, National Health Survey: Summary of Results, 
Catalogue No. 4364.0, ABS, Canberra.
Australian Bureau of Statistics 2012a, Australian Health Survey: First Results, 2011-
2012, Catalogue No. 4364.0.55.001, ABS, Canberra.
Australian Bureau of Statistics 2012b, Reflecting a Nation: Stories from the 2011 
Census, 2012–2013, Catalogue No. 2071.0, ABS, Canberra.
Australian Bureau of Statistics 2014a, Australian Historical Population Statistics, 
Catalogue No. 3105.0.65.001, ABS, Canberra.
Australian Bureau of Statistics 2014b, Australian Social Trends, Catalogue No. 
4102.0, ABS, Canberra.
Australian Bureau of Statistics 2015, Migration, Australia, 2013-14, Catalogue No. 
3412.0, ABS, Canberra.
Australian Institute of Health and Welfare 2003, The Active Australia Survey: A Guide 
and Manual for Implementation, Analysis and Reporting, AIHW, Canberra.
Australian Institute of Health and Welfare 2012, Australia’s Health 2012: The 
Thirteenth Biennial Health Report of the Australian Institute of Health and Welfare,
AIHW, Canberra.
Ayala, GX, Gammelgard, A, Sallis, JF & Elder, JP 2011, 'The association of physical 
activity and work-related characteristics among Latino adults', Journal of Physical 
Activity & Health, vol. 8, no. 1, pp. 79-89.
Ayuka, F & Barnett, R 2015, 'Place effects on alcohol consumption: a literature 
review', Journal of Addiction Research & Therapy, vol. 06, no. 01.
196
Baluja, KF, Park, J & Myers, D 2003, 'Inclusion of immigrant status in smoking 
prevalence statistics', American Journal of Public Health, vol. 93, no. 4, pp. 642-6.
Barnett, AH, Dixon, AN, Bellary, S, Hanif, MW, O’Hare, JP, Raymond, NT & Kumar, 
S 2006, 'Type 2 diabetes and cardiovascular risk in the UK south Asian community', 
Diabetologia, vol. 49, no. 10, pp. 2234-46.
Bauman, A, Armstrong, T, Davies, J, Owen, N, Brown, W, Bellew, B & Vita, P 2003, 
'Trends in physical activity participation and the impact of integrated campaigns 
among Australian adults, 1997–99', Australian and New Zealand Journal of Public 
Health, vol. 27, no. 1, pp. 76-9.
Bauman, A, Bellew, B, Vita, P, Brown, W & Owen, N 2002a, Getting Australia 
Active: Towards Better Practice for the Promotion of Physical Activity, National 
Public Health Partnership, Melbourne, Australia.
Bauman, AE, Sallis, JF, Dzewaltowski, DA & Owen, N 2002b, 'Toward a better 
understanding of the influences on physical activity: the role of determinants, 
correlates, causal variables, mediators, moderators, and confounders', American 
Journal of Preventive Medicine, vol. 23, no. 2, Supplement 1, pp. 5-14.
Bécares, L, Nazroo, J & Stafford, M 2011, 'The ethnic density effect on alcohol use 
among ethnic minority people in the UK', Journal of Epidemiology and Community 
Health, vol. 65, no. 1, pp. 20-5.
Becketti, S, Gould, W, Lillard, L & Welch, F 1988, 'The panel study of income 
dynamics after fourteen years: an evaluation', Journal of Labor Economics, vol. 6, no. 
4, pp. 472-92.
Begg, S, Vos, T, Barker, B, Stevenson, C, Stanley, L & Lopez, AD 2007, The Burden 
of Disease and Injury in Australia 2003, Australian Institute of Health and Welfare 
(AIHW), Canberra.
Beiser, M 2005, 'The health of immigrants and refugees in Canada', Canadian Journal 
of Public Health, vol. 96, pp. S30-44.
Bennett, SA 1993, 'Inequalities in risk factors and cardiovascular mortality among 
Australia's immigrants', Australian Journal of Public Health, vol. 17, no. 3, pp. 251-
61.
Benzeval, M, Judge, K & Shouls, S 2001, 'Understanding the relationship between 
income and health: how much can be gleaned from cross-sectional data?', Social Policy 
& Administration, vol. 35, no. 4, p. 376.
197
Berlin, JA, Kimmel, SE, Have, TRT & Sammel, MD 1999, 'An empirical comparison 
of several clustered data approaches under confounding due to cluster effects in the 
analysis of complications of coronary angioplasty', Biometrics, vol. 55, no. 2, pp. 470-
6.
Bertram, S, Flaherty, B & Everingham, S 1996, 'Knowledge and use of alcohol and 
other drugs among Vietnamese-speaking migrants', Drug and Alcohol Review, vol. 15, 
no. 2, pp. 121-6.
Bethel, JW & Schenker, MB 2005, 'Acculturation and smoking patterns among 
Hispanics: a review', American Journal of Preventive Medicine, vol. 29, no. 2, pp. 143-
8.
Bhattacharya Becerra, M, Herring, P, Marshak, H & Banta, J 2014, 'Social 
determinants of physical activity among adult Asian-Americans: results from a 
population-based survey in California', Journal of Immigrant and Minority Health,
vol. 17, no. 4, pp. 1061-9.
Bhopal, R, Vettini, A, Hunt, S, Wiebe, S, Hanna, L & Amos, A 2004, 'Review of 
prevalence data in, and evaluation of methods for cross cultural adaptation of, UK 
surveys on tobacco and alcohol in ethnic minority groups', British Medical Journal,
vol. 328, no. 7431, pp. 76-80.
Birrell, B, Hawthorne, L & Richardson, S 2006, Evaluation of the General Skilled 
Migration Categories, Monash University, Melbourne.
Black, N 1994, 'Why we need qualitative research', Journal of Epidemiology and 
Community Health, vol. 48, no. 5, pp. 425-6.
Black, SA & Markides, KS 1993, 'Acculturation and alcohol consumption in Puerto 
Rican, Cuban-American, and Mexican-American women in the United States', 
American Journal of Public Health, vol. 83, no. 6, pp. 890-3.
Blakely, T, Fawcett, J, Hunt, D & Wilson, N 2006, 'What is the contribution of 
smoking and socioeconomic position to ethnic inequalities in mortality in New 
Zealand?', The Lancet, vol. 368, no. 9529, pp. 44-52.
Borges, G, Medina-Mora, ME, Lown, A, Ye, Y, Robertson, MJ, Cherpitel, C & 
Greenfield, T 2006, 'Alcohol use disorders in national samples of Mexicans and 
Mexican-Americans: the Mexican national addiction survey and the U.S. national 
alcohol survey', Hispanic Journal of Behavioral Sciences, vol. 28, no. 3, pp. 425-49.
198
Borges, G, Rafful, C, Benjet, C, Tancredi, DJ, Saito, N, Aguilar-Gaxiola, S, Medina-
Mora, ME & Breslau, J 2012, 'Mexican immigration to the US and alcohol and drug 
use opportunities: does it make a difference in alcohol and/or drug use?', Drug and 
Alcohol Dependence, vol. 125, Supplement 1, pp. S4-S11.
Borrell, LN, Kiefe, CI, Diez-Roux, AV, Williams, DR & Gordon-Larsen, P 2013, 
'Racial discrimination, racial/ethnic segregation and health behaviors in the CARDIA 
Study', Ethnicity & Health, vol. 18, no. 3, pp. 227-43.
Bosdriesz, JR, Lichthart, N, Witvliet, MI, Busschers, WB, Stronks, K & Kunst, AE 
2013, 'Smoking prevalence among migrants in the US compared to the US-born and 
the population in countries of origin', PLoS ONE, vol. 8, no. 3, p. e58654.
Bouchard, C & Shephard, RJ 1994, 'Physical activity, fitness, and health: the model 
and key concepts', in C Bouchard, RJ Shephard & T Stephens (eds), Physical Activity, 
Fitness, and Health: International Proceedings and Consensus Statement, Human 
Kinetics Publishers, Champaign, IL.
Bowling, A 2002, Research Methods in Health: Investigating Health and Health 
Services, Second Edition, Open University Press, Buckingham.
Brandon, P 2008, 'The Health risk behaviours and social connectedness of adolescents 
in immigrant families: evidence from Australia', International Migration, vol. 46, no. 
2, pp. 49-80.
Brodish, AB, Cogburn, CD, Fuller-Rowell, TE, Peck, S, Malanchuk, O & Eccles, JS 
2011, 'Perceived racial discrimination as a predictor of health behaviors: the 
moderating role of gender', Race and social problems, vol. 3, no. 3, pp. 160-9.
Brooks, C 1996, Understanding Immigrants and the Labour Market, Understanding 
Series, Australian Government Publishing Service, Canberra.
Brownson, RC, Boehmer, TK & Luke, DA 2005, 'Declining rates of physical activity 
in the United States: what are the contributors?', Annual Review of Public Health, vol. 
26, no. 1, pp. 421-43.
Bryan, SN, Tremblay, MS, Pérez, CE, Ardern, CI & Katzmarzyk, PT 2006, 'Physical 
activity and ethnicity: evidence from the Canadian community health survey', 
Canadian Journal of Public Health, vol. 97, no. 4, pp. 271-6.
Buchanan, RL & Smokowski, PR 2009, 'Pathways from acculturation stress to 
substance use among Latino adolescents', Substance Use & Misuse, vol. 44, no. 5, pp. 
740-62.
199
Bungum, TJ, Landers, M, Azzarelli, M & Moonie, S 2012, 'Perceived environmental 
physical activity correlates among Asian Pacific Islander Americans', Journal of 
Physical Activity & Health, vol. 9, no. 8, pp. 1098-104.
Caetano, R, Clark, CL & Tam, T 1998, 'Alcohol consumption among racial/ethnic 
minorities: theory and research', Alcohol Health & Research World, vol. 22, no. 4, pp. 
233-8.
Caperchione, CM, Kolt, GS & Mummery, WK 2013, 'Examining physical activity 
service provision to culturally and linguistically diverse (CALD) communities in 
Australia: a qualitative evaluation', PLoS ONE, vol. 8, no. 4, p. e62777.
Caperchione, CM, Kolt, GS, Tennent, R & Mummery, WK 2011, 'Physical activity 
behaviours of culturally and linguistically diverse (CALD) women living in Australia: 
a qualitative study of socio-cultural influences', BMC Public Health, vol. 11, no. 1, pp. 
1-10.
Caperchoine, C, Mummery, WK & Joyner, K 2009, 'Addressing the challenges, 
barriers, and enablers to physical activity participation in priority women's groups', 
Journal of Physical Activity & Health, vol. 6, no. 5, pp. 589-96.
Carballo, M, Divino, JJ & Zeric, D 1998, 'Migration and health in the European Union', 
Tropical Medicine & International Health, vol. 3, no. 12, pp. 936-44.
Carter, KN, Cronin, M, Blakely, T, Hayward, M & Richardson, K 2010, 'Cohort 
profile: survey of families, income and employment (SoFIE) and health extension 
(SoFIE-health)', International Journal of Epidemiology, vol. 39, no. 3, pp. 653-9.
Castro, CM, Sallis, JF, Hickmann, SA, Lee, RE & Chen, AH 1999, 'A prospective 
study of psychosocial correlates of physical activity for ethnic minority women', 
Psychology & Health, vol. 14, no. 2, pp. 277-93.
Castro, Y, Reitzel, LR, Businelle, MS, Kendzor, DE, Mazas, CA, Li, Y, Cofta-
Woerpel, L & Wetter, DW 2009, 'Acculturation differentially predicts smoking 
cessation among Latino men and women', Cancer Epidemiology, Biomarkers & 
Prevention, vol. 18, no. 12, pp. 3468-75.
Chae, DH, Gavin, AR & Tareuch, DT 2006, 'Smoking prevalence among Asian 
Americans: findings from the national Latino and Asian American study (NLAAS)', 
Public Health Reports, vol. 121, no. 6, pp. 755-63.
200
Chae, DH, Takeuchi, DT, Barbeau, EM, Bennett, GG, Lindsey, JC, Stoddard, AM & 
Krieger, N 2008, 'Alcohol disorders among Asian Americans: associations with unfair 
treatment, racial/ethnic discrimination, and ethnic identification (the national Latino 
and Asian Americans study, 2002–2003)', Journal of Epidemiology and Community 
Health, vol. 62, no. 11, pp. 973-9.
Chartier, KG, Vaeth, PAC & Caetano, R 2013, 'Focus on: ethnicity and the social and 
health harms from drinking', Alcohol Research, vol. 35, no. 2, pp. 229-37 9p.
Chi, I, Lubben, JE & Kitano, HH 1989, 'Differences in drinking behavior among three 
Asian-American groups', Journal of Studies on Alcohol, vol. 50, no. 1, pp. 15-23.
Chiswick, BR, Lee, YL & Miller, PW 2008, 'Immigrant selection systems and 
immigrant health', Contemporary Economic Policy, vol. 26, no. 4, pp. 555-78.
Chiu, M, Austin, PC, Manuel, DG & Tu, JV 2012, 'Cardiovascular risk factor profiles 
of recent immigrants vs long-term residents of Ontario: a multi-ethnic study', 
Canadian Journal of Cardiology, vol. 28, no. 1, pp. 20-6.
Choi, S, Rankin, S, Stewart, A & Oka, R 2008, 'Effects of acculturation on smoking 
behavior in Asian Americans: a meta-analysis', Journal of Cardiovascular Nursing,
vol. 23, no. 1, pp. 67-73.
Clancy, M 2002, 'Overview of research designs', Emergency Medicine Journal, vol. 
19, no. 6, pp. 546-9.
Cobb-Clark, D 2001, 'The longitudinal survey of immigrants to Australia', Australian 
Economic Review, vol. 34, no. 4, pp. 467-77.
Cobb-Clark, D, Hanel, B, McVicar, D & Zhang J, R 2012, Longitudinal Analysis of 
Employment Outcomes for Vulnerable and other Migrants, Melbourne Institute of 
Applied Economic and Social Research, Melbourne, Australia.
Constantine, ML, Rockwood, TH, Schillo, BA, Alesci, N, Foldes, SS, Tam, P, Chhith, 
Y & Saul, JE 2010, 'Exploring the relationship between acculturation and smoking 
behavior within four Southeast Asian communities of Minnesota', Nicotine & Tobacco 
Research, vol. 12, no. 7, pp. 715-23.
Contoyannis, P, Jones, AM & Rice, N 2004, 'The dynamics of health in the British 
household panel survey', Journal of Applied Econometrics, vol. 19, no. 4, pp. 473-503.
201
Coonrod, DV, Balcazar, H, Brady, J, Garcia, S & Van Tine, M 1999, 'Smoking, 
acculturation and family cohesion in Mexican-American women', Ethnicity & disease,
vol. 9, no. 3, pp. 434-40.
Correa-Velez, I, Barnett, AG & Gifford, S 2013, 'Working for a better life: longitudinal 
evidence on the predictors of employment among recently arrived refugee migrant 
men living in Australia', International Migration, vol. 53, no. 2, pp. 321-37.
Crespo, CJ, Smit, E, Carter-Pokras, O & Andersen, R 2001, 'Acculturation and leisure-
time physical inactivity in Mexican American adults: results from NHANES III, 1988-
1994', American Journal of Public Health, vol. 91, no. 8, pp. 1254-7.
Daniel, M & Wilbur, J 2011, 'Physical activity among South Asian Indian immigrants: 
an integrative review', Public Health Nursing, vol. 28, no. 5, pp. 389-401.
Daniel, M, Wilbur, J, Fogg, LF & Miller, AM 2013a, 'Correlates of lifestyle: physical 
activity among South Asian Indian immigrants', Journal of Community Health 
Nursing, vol. 30, no. 4, pp. 185-200.
Daniel, M, Wilbur, J, Marquez, D & Farran, C 2013b, 'Lifestyle physical activity 
behavior among South Asian Indian immigrants', Journal of Immigrant and Minority 
Health, vol. 15, no. 6, pp. 1082-9.
Dassanayake, J, Dharmage, S, Gurrin, L, Sundararajan, V & Payne, W 2011, 'Are 
Australian immigrants at a risk of being physically inactive?', International Journal of 
Behavioral Nutrition and Physical Activity, vol. 8, no. 1, pp. 1-6.
Daube, M, Eastwood, P, Mishima, M & Peters, M 2015, 'Tobacco plain packaging: 
the Australian experience', Respirology, vol. 20, no. 7, pp. 1001-3.
Dawson, AJ, Sundquist, J & Johansson, S 2005, 'The influence of ethnicity and length 
of time since immigration on physical activity', Ethnicity & Health, vol. 10, no. 4, pp. 
293-309.
De La Rosa, M 2002, 'Acculturation and Latino adolescents’ substance use: a research 
agenda for the future', Substance Use & Misuse, vol. 37, no. 4, pp. 429-56.
De La Rosa, M, Dillon, FR, Sastre, F & Babino, R 2013, 'Alcohol use among recent 
Latino immigrants before and after immigration to the United States', American 
Journal on Addictions, vol. 22, no. 2, pp. 162-8.
202
de Nooijer, J, Lechner, L & de Vries, H 2002, 'Tailored versus general information on
early detection of cancer: a comparison of the reactions of Dutch adults and the impact 
on attitudes and behaviors', Health Education Research, vol. 17, no. 2, pp. 239-52.
De Vroome, T & Van Tubergen, F 2010, 'The employment experience of refugees in 
the Netherlands', International Migration Review, vol. 44, no. 2, pp. 376-403.
Del Boca, FK & Darkes, J 2003, 'The validity of self-reports of alcohol consumption: 
state of the science and challenges for research', Addiction, vol. 98, pp. 1-12.
Department of Immigration and Border Protection 2015, Refugee and Humanitarian 
Programme, Australian Government, Department of Immigration and Border 
Protection, Canberra.
Desai, M & Begg, MD 2008, 'A comparison of regression approaches for analyzing 
clustered data', American Journal of Public Health, vol. 98, no. 8, pp. 1425-9.
Diethelm, PA & Farley, TM 2015, 'Refuting tobacco-industry funded research: 
empirical data shows decline in smoking prevalence following introduction of plain 
packaging in Australia', Tobacco Prevention & Cessation, vol. 1, no. 6.
Diez Roux, AV 2002, 'A glossary for multilevel analysis', Journal of Epidemiology 
and Community Health, vol. 56, no. 8, pp. 588-94.
Diggle, P, Heagerty, P, Liang, KY & Zeger, S 2002, Analysis of Longitudinal Data,
Oxford University Press, Oxford.
Donato-Hunt, C, Munot, S & Copeland, J 2012, 'Alcohol, tobacco and illicit drug use 
among six culturally diverse communities in Sydney', Drug and Alcohol Review, vol. 
31, no. 7, pp. 881-9.
Dunn, JR & Dyck, I 2000, 'Social determinants of health in Canada's immigrant 
population: results from the national population health survey', Social Science & 
Medicine, vol. 51, no. 11, pp. 1573-93.
Eckenrode, J 1983, 'The mobilization of social supports: some individual constraints', 
American Journal of Community Psychology, vol. 11, no. 5, pp. 509-28.
Engels, JM & Diehr, P 2003, 'Imputation of missing longitudinal data: a comparison 
of methods', Journal of Clinical Epidemiology, vol. 56, no. 10, pp. 968-76.
203
Evenson, KR, Sarmiento, OL & Ayala, GX 2004, 'Acculturation and physical activity 
among North Carolina Latina immigrants', Social Science & Medicine, vol. 59, no. 12, 
pp. 2509-22.
Evenson, KR, Sarmiento, OL, Macon, ML, Tawney, KW & Ammerman, AS 2002, 
'Environmental, policy, and cultural factors related to physical activity among Latina 
immigrants', Women & Health, vol. 36, no. 2, pp. 43-56.
Fennelly, K 2007, 'The "healthy migrant" effect', Minnesota Medicine, vol. 90, no. 3, 
pp. 51-3.
Fischbacher, CM, Hunt, S & Alexander, L 2004, 'How physically active are south 
asians in the United Kingdom? a literature review', Journal of Public Health, vol. 26, 
no. 3, pp. 250-8.
Fitzgerald, N 2010, 'Acculturation, socioeconomic status, and health among 
Hispanics', NAPA Bulletin, vol. 34, no. 1, pp. 28-46.
Flom, PL, McMahon, JM & Pouget, ER 2007, 'Using PROC NLMIXED and PROC 
GLMMIX to Analyze Dyadic Data with a Dichotomous Dependent Variable', in SAS 
Global Forum, Orlando, Florida.
Franzini, L, Ribble, JC & Keddie, AM 2001, 'Understanding the Hispanic paradox', 
Ethnicity and Disease, vol. 11, no. 3, pp. 496-518.
Frees, EW 2004, Longitudinal and Panel Data: Analysis and Applications in the Social 
Sciences, New York: Cambridge University Press, 2004.
Frisbie, WP, Cho, Y & Hummer, RA 2001, 'Immigration and the health of Asian and 
Pacific Islander adults in the United States', American Journal of Epidemiology, vol. 
153, no. 4, pp. 372-80.
Gazard, B, Frissa, S, Nellums, L, Hotopf, M & Hatch, SL 2014, 'Challenges in 
researching migration status, health and health service use: an intersectional analysis 
of a South London community', Ethnicity & Health, vol. 20, no. 6, pp. 564–93.
Gee, EM, Kobayashi, KM & Prus, SG 2004, 'Examining the healthy immigrant effect 
in mid- to later life: findings from the Canadian Community Health Survey', Canadian 
Journal on Aging, vol. 23, no. Suppl. 1, pp. S61-S9.
Gerber, M, Barker, D & Pühse, U 2012, 'Acculturation and physical activity among 
immigrants: a systematic review', Journal of Public Health, vol. 20, no. 3, pp. 313-41.
204
Gordon-Larsen, P, Harris, KM, Ward, DS & Popkin, BM 2003, 'Acculturation and 
overweight-related behaviors among Hispanic immigrants to the US: the national 
longitudinal study of adolescent health', Social Science & Medicine, vol. 57, no. 11, 
pp. 2023-34.
Gorman, BK, Lariscy, JT & Kaushik, C 2014, 'Gender, acculturation, and smoking 
behavior among U.S. Asian and Latino immigrants', Social Science & Medicine, vol. 
106, no. 0, pp. 110-8.
Gray, NJ & Hill, DJ 1975, 'Patterns of tobacco smoking in Australia', Medical Journal 
of Australia, vol. 2, no. 22, pp. 819-22.
Griesler, PC, Kandel, DB & Davies, M 2002, 'Ethnic differences in predictors of 
initiation and persistence of adolescent cigarette smoking in the national longitudinal 
survey of youth', Nicotine & Tobacco Research, vol. 4, no. 1, pp. 79-93.
Gunasekara, FI, Carter, KN, Liu, I, Richardson, K & Blakely, T 2011, 'The relationship 
between income and health using longitudinal data from New Zealand', Journal of 
Epidemiology and Community Health.
Gunasekara, FI, Richardson, K, Carter, K & Blakely, T 2014, 'Fixed effects analysis 
of repeated measures data', International Journal of Epidemiology, vol. 43, no. 1, pp. 
264 - 9.
Gundersen, DA, Echeverria, SE, Lewis, MJ, Giovino, GA, Ohman-Strickland, P & 
Delnevo, CD 2012, 'Heterogeneity in past year cigarette smoking quit attempts among 
Latinos', Journal of Environmental and Public Health, vol. 2012, pp. Article ID 
378165, 9 pages.
Guo, SY, Lucas, RM, Joshy, G & Banks, E 2015, 'Cardiovascular disease risk factor 
profiles of 263,356 older Australians according to region of birth and acculturation, 
with a focus on migrants born in Asia', PLoS ONE, vol. 10, no. 2, pp. e0115627-e.
Gutmann, MC 1999, 'Ethnicity, alcohol, and acculturation', Social Science & 
Medicine, vol. 48, no. 2, pp. 173-84.
Guven, C & Islam, A 2015, 'Age at migration, language proficiency, and 
socioeconomic outcomes: evidence from Australia', Demography, vol. 52, no. 2, pp. 
513-42.
205
Hafeman, DM 2009, '“Proportion explained”: A causal interpretation for standard 
measures of indirect effect?', American Journal of Epidemiology, vol. 170, no. 11, pp. 
1443-8.
Hagenaars, A, de Vos, K & Zaidi, MA 1994, Poverty Statistics in the Late 1980s: 
Research Based on Micro-data, Office for Official Publications of the European 
Communities, Luxembourg.
Hahm, HC, Lahiff, M & Guterman, NB 2003, 'Acculturation and parental attachment 
in Asian-American adolescents' alcohol use', The Journal of Adolescent Health, vol. 
33, no. 2, pp. 119-29.
Hallal, PC, Andersen, LB, Bull, FC, Guthold, R, Haskell, W & Ekelund, U 2012, 
'Global physical activity levels: surveillance progress, pitfalls, and prospects', The 
Lancet, vol. 380, no. 9838, pp. 247-57.
Halliday, TJ & Kimmitt, MC 2008, 'Selective migration and health in the USA, 1984–
93', Population Studies, vol. 62, no. 3, pp. 321-34.
Harriss, LR, English, DR, Hopper, JL, Powles, J, Simpson, JA, O'Dea, K, Giles, GG 
& Tonkin, AM 2007, 'Alcohol consumption and cardiovascular mortality accounting 
for possible misclassification of intake: 11-year follow-up of the Melbourne 
Collaborative Cohort Study', Addiction, vol. 102, no. 10, pp. 1574-85.
Hauck, K, Hollingsworth, B & Morgan, L 2011, 'BMI differences in 1st and 2nd 
generation immigrants of Asian and European origin to Australia', Health & Place,
vol. 17, no. 1, pp. 78-85.
Hauck, K & Rice, N 2004, 'A longitudinal analysis of mental health mobility in 
Britain', Health Economics, vol. 13, no. 10, pp. 981-1001.
Hawthorne, L 1997, 'The question of discrimination: skilled migrants’ access to 
Australian employment', International Migration, vol. 35, no. 3, pp. 395-420.
Hayes, C & Watson, N 2010, HILDA Imputation Methods: HILDA Project Technical 
Paper Series, No. 2/09, December 2009, The University of Melbourne, Australia.
Hayes, L, White, M, Unwin, N, Bhopal, R, Fischbacher, C, Harland, J & Alberti, 
KGMM 2002, 'Patterns of physical activity and relationship with risk markers for 
cardiovascular disease and diabetes in Indian, Pakistani, Bangladeshi and European 
adults in a UK population', Journal of Public Health, vol. 24, no. 3, pp. 170-8.
206
Hjern, A & Allebeck, P 2004, 'Alcohol-related disorders in first- and second-
generation immigrants in Sweden: A national cohort study', Addiction, vol. 99, no. 2, 
pp. 229-36.
Hodge, AM, English, DR, O'Dea, K & Giles, GG 2004, 'Increased Diabetes incidence 
in Greek and Italian migrants to Australia: how much can be explained by known risk 
factors?', Diabetes Care, vol. 27, no. 10, pp. 2330-4.
Hodge, AM, English, DR, O'Dea, K & Giles, GG 2006, 'Alcohol intake, consumption 
pattern and beverage type, and the risk of Type 2 diabetes', Diabetic Medicine, vol. 23, 
no. 6, pp. 690-7.
Hoos, T, Espinoza, N, Marshall, S & Arredondo, EM 2012, 'Validity of the Global 
Physical Activity Questionnaire (GPAQ) in adult Latinas', Journal of Physical Activity 
& Health, vol. 9, no. 5, pp. 698-705.
Hosper, K, Nierkens, V, Nicolaou, M & Stronks, K 2007, 'Behavioural risk factors in 
two generations of non-Western migrants: do trends converge towards the host 
population?', European Journal of Epidemiology, vol. 22, no. 3, pp. 163-72.
Hosper, K, Nierkens, V, van Valkengoed, I & Stronks, K 2008, 'Motivational factors 
mediating the association between acculturation and participation in sport among 
young Turkish and Moroccan women in the Netherlands', Preventive Medicine, vol. 
47, no. 1, pp. 95-100.
Hsiao, C 2003, Analysis of Panel Data, 2nd edn, Econometric Society Monographs, 
Cambridge University Press, Cambridge.
Huang, J 2008, 'Immigrant Health Status, Health Behavior and Health Assimilation in 
the United States', 3316733 thesis, Ph.D. thesis, University of Illinois at Chicago.
Hugo, G 2003, 'Asian migration to Australia: changing trends and implications', 
Scottish Geographical Journal, vol. 119, no. 3, pp. 247-64.
Hugo, G 2014, 'A multi sited approach to analysis of destination immigration data: an 
Asian example', International Migration Review, vol. 48, no. 4, pp. 998-1027.
International Organization for Migration 2003, World Migration Report 2003: 
Managing Migration Challenges and Responses for People on the Move, IOM, 
Geneva.
207
International Organization for Migration 2013a, International Migration, Health and 
Human Rights, IOM, Geneva.
International Organization for Migration 2013b, World Migration Report 2013: 
Migrant Well-being and Development, IOM, Geneva.
Jatrana, S, Pasupuleti, SSR & Richardson, K 2014, 'Nativity, duration of residence and 
chronic health conditions in Australia: do trends converge towards the native-born 
population?', Social Science & Medicine, vol. 119, pp. 53-63.
Jayaweera, H & Quigley, MA 2010, 'Health status, health behaviour and healthcare 
use among migrants in the UK: evidence from mothers in the Millennium Cohort 
Study', Social Science & Medicine, vol. 71, no. 5, pp. 1002-10.
Jirojwong, S & Manderson, L 2002, 'Physical health and preventive health behaviors 
among Thai women in Brisbane, Australia', Health Care Women International, vol. 
23, no. 2, pp. 197-206.
Johnson, TP, VanGeest, JB & Ik Cho, Y 2002, 'Migration and substance use: evidence 
from the U.S. National Health Interview Survey', Substance Use & Misuse, vol. 37, 
no. 8-10, p. 941.
Jones, AM, Koolman, X & Rice, N 2006, 'Health-related non-response in the British 
Household Panel Survey and European Community Household Panel: using inverse-
probability-weighted estimators in non-linear models', Journal of the Royal Statistical 
Society, vol. 169, no. 3, pp. 543-69.
Joshi, S, Jatrana, S, Paradies, Y & Priest, N 2014, 'Differences in health behaviours 
between immigrant and non-immigrant groups: a protocol for a systematic review', 
Systematic Reviews, vol. 3, no. 1, pp. 1-6.
Kagotho, N 2011, 'A longitudinal analysis of physical activity among foreign-born 
individuals', Journal of Human Behavior in the Social Environment, vol. 21, no. 5, pp. 
540-54.
Kalavar, JM, Kolt, GS, Giles, LC & Driver, RP 2005, 'Physical activity in older Asian 
Indians living in the United States', Activities, Adaptation & Aging, vol. 29, no. 1, pp. 
47-67.
Kandula, NR & Lauderdale, DS 2005, 'Leisure time, non-leisure time, and 
occupational physical activity in Asian Americans', Annals of Epidemiology, vol. 15, 
no. 4, pp. 257-65.
208
Karriker-Jaffe, KJ & Zemore, SE 2009, 'Associations between acculturation and 
alcohol consumption of latino men in the United States', Journal of Studies on Alcohol 
and Drugs, vol. 70, no. 1, pp. 27-31.
Kennedy, S, Kidd, M, McDonald, J & Biddle, N 2015, 'The healthy immigrant effect: 
patterns and evidence from four countries', Journal of International Migration and 
Integration, vol. 16, no. 2, pp. 317-32.
Khoo, S-E, Hugo, G & McDonald, P 2008, 'Which skilled temporary migrants become 
permanent residents and why?', International Migration Review, vol. 42, no. 1, pp. 
193-226.
Kimbro, RT 2009, 'Acculturation in context: gender, age at migration, neighborhood 
ethnicity, and health behaviors', Social Science Quarterly, vol. 90, no. 5, pp. 1145-66.
King, G, Polednak, AP, Bendel, R & Hovey, D 1999, 'Cigarette smoking among native 
and foreign-born African Americans', Annals of Epidemiology, vol. 9, no. 4, pp. 236-
44.
Kolt, GS, Schofield, GM, Rush, EC, Oliver, M & Chadha, NK 2007, 'Body fatness, 
physical activity, and nutritional behaviours in Asian Indian immigrants to New 
Zealand', Asia Pacific Journal of Clinical Nutrrition, vol. 16, no. 4, pp. 663-70.
Kraemer, HC, Stice, E, Kazdin, A, Offord, D & Kupfer, D 2001, 'How do risk factors 
work together? mediators, moderators, and independent, overlapping, and proxy risk 
factors', The American Journal of Psychiatry, vol. 158, no. 6, pp. 848-56.
Krupinski, J 1984, 'Changing patterns of migration to Australia and their influence on 
the health of migrants', Social Science & Medicine, vol. 18, no. 11, pp. 927-37.
Kuerban, A 2016, 'Healthy migrant effect on smoking behavior among Asian 
immigrants in the United States', Journal of Immigrant and Minority Health, vol. 18, 
no. 1, pp. 94-101.
Lambert, PS 2006, The British Household Panel Survey: Introduction to a 
Longitudinal Data Resource. Working Paper 2 of ‘Longitudinal Data Analysis for 
Social Science Researchers’, ESRC Researcher Development Initiative Training 
Programme, University of Stirling, Stirling, UK.
Landrine, H & Klonoff, E 2004, 'Culture change and ethnic-minority health behavior: 
an operant theory of acculturation', Journal of Behavioral Medicine, vol. 27, no. 6, pp. 
527-55.
209
Lara, M, Gamboa, C, Kahramanian, MI, Morales, LS & Bautista, DE 2005, 
'Acculturation and Latino health in the United States: a review of the literature and its 
sociopolitical context', Annual Review of Public Health, vol. 26, pp. 367-97.
Lee, H, Cardinal, BJ & Loprinzi, PD 2012, 'Effects of socioeconomic status and 
acculturation on accelerometer-measured moderate-to-vigorous physical activity 
among Mexican American adolescents: findings from NHANES 2003-2004', Journal 
of Physical Activity & Health, vol. 9, no. 8, pp. 1155-62.
Lee, IM, Shiroma, EJ, Lobelo, F, Puska, P, Blair, SN & Katzmarzyk, PT 2012, 'Effect 
of physical inactivity on major non-communicable diseases worldwide: an analysis of 
burden of disease and life expectancy', Lancet, vol. 379, no. 9838, pp. 219-29.
Li, K & Wen, M 2015, 'Substance use, age at migration, and length of residence among 
adult immigrants in the United States', Journal of Immigrant and Minority Health, vol. 
17, no. 1, pp. 156-64.
Liang, K-Y & Zeger, SL 1986, 'Longitudinal data analysis using generalized linear 
models', Biometrika, vol. 73, no. 1, pp. 13-22.
Little, RJ & Su, H-L 1989, 'Item non-response in panel surveys', in D Kasprzyk, G 
Duncan & MP Singh (eds), Panel Surveys, Wiley, New York, pp. 400-25.
Little, RJA 1988, 'Missing-data adjustments in large surveys', Journal of Business & 
Economic Statistics, vol. 6, no. 3, pp. 287-96.
Lo, CC, Cheng, TC & Howell, RJ 2014, 'The role of immigration status in heavy 
drinking among Asian Americans', Substance Use & Misuse, vol. 49, no. 8, pp. 932-
40.
Lopez, AD, Collishaw, NE & Piha, T 1994, 'A descriptive model of the cigarette 
epidemic in developed countries', Tobacco Control, vol. 3, no. 3, p. 242.
Lorenzo-Blanco, EI & Unger, JB 2015, 'Ethnic discrimination, acculturative stress, 
and family conflict as predictors of depressive symptoms and cigarette smoking among 
Latina/o youth: the mediating role of perceived stress', Journal of Youth and 
Adolescence, vol. 44, no. 10, pp. 1984-97.
Lorenzo-Blanco, EI, Unger, JB, Ritt-Olson, A, Soto, D & Baezconde-Garbanati, L 
2013, 'A longitudinal analysis of Hispanic youth acculturation and cigarette smoking: 
the roles of gender, culture, family, and discrimination', Nicotine & Tobacco Research,
vol. 15, no. 5, pp. 957-68.
210
Lu, Y & Qin, L 2014, 'Healthy migrant and salmon bias hypotheses: a study of health 
and internal migration in China', Social Science & Medicine, vol. 102, no. 0, pp. 41-8.
Maio, JD, Silbert, M, Jenkinson, R & Smart, D 2014, Building a New Life in Australia: 
Introducing the Longitudinal Study of Humanitarian Migrants, Australian Institute of 
Family Studies, Melbourne.
Markides, KS, Ray, LA, Stroup-Benham, CA & Treviño, F 1990, 'Acculturation and 
alcohol consumption in the Mexican American population of the southwestern United 
States: findings from HHANES 1982-84', American Journal of Public Health, vol. 80 
Suppl, pp. 42-6.
Marks, G, Garcia, M & Solis, JM 1990, 'Health risk behaviors of Hispanics in the 
United States: findings from HHANES, 1982-84', American Journal of Public Health,
vol. 80, no. Suppl, pp. 20-6.
Markus, A 2014, Mapping Social Cohesion: The Scanlon Foundation Surveys 
National Report 2014., Scanlon Foundation, Melbourne.
Marquez, DX & McAuley, E 2006, 'Social cognitive correlates of leisure time physical 
activity among Latinos', Journal of Behavioral Medicine, vol. 29, no. 3, pp. 281-9.
Massey, DS 1986, 'The settlement process among Mexican migrants to the United 
States', American Sociological Review, vol. 51, no. 5, pp. 670-84.
Massey, DS, Arango, J, Hugo, G, Kouaouci, A, Pellegrino, A & Taylor, JE 1993, 
'Theories of international migration: a review and appraisal', Population and 
Development Review, vol. 19, no. 3, pp. 431-66.
McDonald, JT 2005, The Health Behaviors of Immigrants and Native-born People in 
Canada, SEDAP Research Program, McMaster University, McMaster University, 
Canada.
McDonald, JT & Kennedy, S 2004, 'Insights into the ‘healthy immigrant effect’: health 
status and health service use of immigrants to Canada', Social Science & Medicine,
vol. 59, no. 8, pp. 1613-27.
McKeigue, PM & Karmi, G 1993, 'Alcohol consumption and alcohol-related problems 
in Afro-Caribbeans and south Asians in the United Kingdom', Alcohol And 
Alcoholism, vol. 28, no. 1, pp. 1-10.
211
Mejean, C, Traissac, P, Eymard-Duvernay, S, El Ati, J, Delpeuch, F & Maire, B 2007, 
'Influence of socio-economic and lifestyle factors on overweight and nutrition-related 
diseases among Tunisian migrants versus non-migrant Tunisians and French', BMC 
Public Health, vol. 7, p. 265.
Midanik, LT 1988, 'Validity of self-reported alcohol use: a literature review and 
assessment', British Journal of Addiction, vol. 83, no. 9, pp. 1019-29.
Mills, BA & Caetano, R 2012, 'Decomposing associations between acculturation and 
drinking in Mexican Americans', Alcoholism, vol. 36, no. 7, pp. 1205-11.
Misra, KB, Endemann, SW & Ayer, M 2005, 'Leisure time physical activity and 
metabolic syndrome in Asian Indian immigrants residing in Northern California', 
Ethnicity and Disease, vol. 15, no. 4, pp. 627-34.
Misra, R, Patel, TG, Davies, D & Russo, T 2000, 'Health promotion behaviors of 
Gujurati Asian Indian immigrants in the United States', Journal of Immigrant Health,
vol. 2, no. 4, pp. 223-30.
Moeschberger, ML, Anderson, J, Kuo, Y-F, Chen Jr, MS, Wewers, ME & Guthrie, R 
1997, 'Multivariate profile of smoking in Southeast Asian men: a biochemically 
verified analysis', Preventive Medicine, vol. 26, no. 1, pp. 53-8.
Molenberghs, G, Kenward, MG & Lesaffre, E 1997, 'The analysis of longitudinal 
ordinal data with nonrandom drop-out', Biometrika, vol. 84, no. 1, pp. 33-44.
National Health and Medical Research Council 2009, Australian Guidelines to Reduce 
Health Risks for Drinking Alcohol, NHMRC, Canberra.
Neuhaus, JM & Kalbfleisch, JD 1998, 'Between- and within-cluster covariate effects 
in the analysis of clustered data', Biometrics, vol. 54, no. 2, pp. 638-45.
Newbold, KB & Danforth, J 2003, 'Health status and Canada's immigrant population', 
Social Science & Medicine, vol. 57, no. 10, pp. 1981-95.
Newbold, KB & Neligan, D 2012, 'Disaggregating Canadian immigrant smoking 
behaviour by country of birth', Social Science & Medicine, vol. 75, no. 6, pp. 997-
1005.
Ng, E, Wilkins, R, Gendron, F & Berthelot, J-M 2005, Healthy today, healthy 
tomorrow? Findings from the National Population Health Survey: Dynamics of 
212
Immigrants' Health in Canada: Evidence from the National Population Health Survey,
Statistics Canada, Canada.
Nguyen, KH, Subramanian, SV, Sorensen, G, Tsang, K & Wright, RJ 2012, 'Influence
of experiences of racial discrimination and ethnic identity on prenatal smoking among 
urban black and Hispanic women', Journal of Epidemiology and Community Health,
vol. 66, no. 4, pp. 315-21.
Niño, M, Cai, T, Ignatow, G & Yang, P 2015, 'Generational peers and alcohol misuse', 
International Migration Review.
O’Driscoll, T, Banting, L, Borkoles, E, Eime, R & Polman, R 2013, 'A systematic 
literature review of sport and physical activity participation in culturally and 
linguistically diverse (CALD) migrant populations', Journal of Immigrant and 
Minority Health, pp. 1-16.
Paradies, Y 2006, 'A systematic review of empirical research on self-reported racism 
and health', International Journal of Epidemiology, vol. 35, no. 4, pp. 888-901.
Parker, ED, Solberg, LI, Foldes, SS & Walker, PF 2010, 'A surveillance source of 
tobacco use differences among immigrant populations', Nicotine & Tobacco Research,
vol. 12, no. 3, pp. 309-14.
Pascoe, EA & Smart Richman, L 2009, 'Perceived discrimination and health: a meta-
analytic review', Psychological Bulletin, vol. 135, no. 4, pp. 531-54.
Pasupuleti, SSR, Jatrana, S & Richardson, K 2015, 'Effect of nativity and duration of 
residence on chronic health conditions among asian immigrants in australia: a 
longitudinal investigation', Journal of Biosocial Science, vol. FirstView, pp. 1-20.
Patrick, DL, Cheadle, A, Thompson, DC, Diehr, P, Koepsell, T & Kinne, S 1994, 'The 
validity of self-reported smoking: a review and meta-analysis', American Journal of 
Public Health, vol. 84, no. 7, pp. 1086-93.
Perales, F, del Pozo-Cruz, J, del Pozo-Cruz, J & del Pozo-Cruz, B 2014, 'On the 
associations between physical activity and quality of life: findings from an Australian 
nationally representative panel survey', Quality of Life Research, vol. 23, no. 7, pp. 
1921-33.
Pérez-Stable, EJ, Ramirez, A, Villareal, R, Talavera, GA, Trapido, E, Suarez, L, Marti, 
J & McAlister, A 2001, 'Cigarette smoking behavior among US Latino men and 
women from different countries of origin', American Journal of Public Health, vol. 
91, no. 9, pp. 1424-30.
213
Pérez, CE 2002, Health Status and Health Behaviour among Immigrants, Catalogue 
No: 82-003, Statistics Canada.
Perez, DF, Ritvo, PG, Brown, PE, Holowaty, E & Ardern, C 2011, 'Perceived 
walkability, social support, age, native language, and vehicle access as correlates of 
physical activity: a cross-sectional study of low-socioeconomic status, ethnic, minority 
women', Journal of Physical Activity & Health, vol. 8, no. 8, pp. 1098-107.
Perreira, KM & Cortes, KE 2006, 'Race/Ethnicity and nativity differences in alcohol 
and tobacco use during pregnancy', American Journal of Public Health, vol. 96, no. 9, 
pp. 1629-36.
Potocky, M & McDonald, TP 1995, 'Predictors of economic status of Southeast Asian 
refugees: implications for service improvement', Social Work Research, vol. 19, no. 4, 
pp. 219-27.
Prado, G, Huang, S, Schwartz, SJ, Maldonado-Molina, MM, Bandiera, FC, de la Rosa, 
M & Pantin, H 2009, 'What accounts for differences in substance use among US-born 
and immigrant Hispanic adolescents?: results from a longitudinal prospective cohort 
study', Journal of Adolescent Health, vol. 45, no. 2, pp. 118-25.
Productivity Commission 2006, Economic Impacts of Migration and Population 
Growth, Productivity Commission, Melbourne.
Rissel, C, McLellan, L & Bauman, A 2000, 'Factors associated with delayed tobacco 
uptake among Vietnamese/Asian and Arabic youth in Sydney, NSW', Australian and 
New Zealand Journal of Public Health, vol. 24, no. 1, pp. 22-8.
Rissel, C & Russell, C 1993, 'Heart disease risk factors in the Vietnamese community 
of southwestern Sydney', Australian Journal of Public Health, vol. 17, no. 1, pp. 71-
3.
Room, R, Babor, T & Rehm, J 2005, 'Alcohol and public health', Lancet, vol. 365, no. 
9458, pp. 519-30.
Rothman, KJ, Greenland, S & Lash, TL 2008, Modern Epidemiology. 3rd ed,
Lippincott Williams & Wilkins Philadelphia, USA.
Rubalcava, LN, Teruel, GM, Thomas, D & Goldman, N 2008, 'The healthy migrant 
effect: new findings from the Mexican Family Life Survey', American Journal of 
Public Health, vol. 98, no. 1, pp. 78-84.
214
Rumbaut, RG 2004, 'Ages, life stages, and generational cohorts: decomposing the 
immigrant first and second generations in the United States', International Migration 
Review, vol. 38, no. 3, pp. 1160-205.
Salant, T & Lauderdale, DS 2003, 'Measuring culture: a critical review of acculturation 
and health in Asian immigrant populations', Social Science & Medicine, vol. 57, no. 1, 
pp. 71-90.
Salas-Wright, CP, Vaughn, MG, Clark, TT, Terzis, LD & Córdova, D 2014, 'Substance 
use disorders among first- and second-generation immigrant adults in the United 
States: evidence of an immigrant paradox?', Journal of Studies on Alcohol and Drugs,
vol. 75, no. 6, pp. 958-67.
Salinas, JJ, Hilfinger Messias, DK, Morales-Campos, D & Parra-Medina, D 2014, 
'English language proficiency and physical activity among Mexican-origin women in 
south Texas and south Carolina', Journal of Health Care for the Poor and 
Underserved, vol. 25, no. 1, pp. 357-75.
Sallis, JF & Saelens, BE 2000, 'Assessment of physical activity by self-report: status, 
limitations, and future directions', Research Quarterly for Exercise and Sport, vol. 71,
no. sup2, pp. 1-14.
Sanderson, MR 2013, 'Does immigration promote long-term economic development? 
a global and regional cross-national analysis, 1965–2005', Journal of Ethnic and 
Migration Studies, vol. 39, no. 1, pp. 1-30.
Sardadvar, S 2014, 'How migrant status affects health beyond socioeconomic status: 
evidence from Austria', International Migration Review, vol. 49, no. 4, pp. 843-77.
Setia, MS, Quesnel-Vallee, A, Abrahamowicz, M, Tousignant, P & Lynch, J 2009, 
'Convergence of body mass index of immigrants to the Canadian-born population: 
evidence from the National Population Health Survey (1994-2006)', European Journal 
of Epidemiology, vol. 24, no. 10, pp. 611-23.
Setia, MS, Quesnel-Vallee, A, Abrahamowicz, M, Tousignant, P & Lynch, J 2011, 
'Access to health-care in Canadian immigrants: a longitudinal study of the National 
Population Health Survey', Health Soc Care Community, vol. 19, no. 1, pp. 70-9.
Setia, MS, Quesnel-Vallee, A, Abrahamowicz, M, Tousignant, P & Lynch, J 2012, 
'Different outcomes for different health measures in immigrants: evidence from a 
longitudinal analysis of the National Population Health Survey (1994-2006)', Journal 
of Immigrant and Minority Health, vol. 14, no. 1, pp. 156-65.
215
Shelton, RC, Puleo, E, Bennett, GG, McNeill, LH, Goldman, RE & Emmons, KM 
2009, 'Racial discrimination and physical activity among low income–housing 
residents', American Journal of Preventive Medicine, vol. 37, no. 6, p. 541.
Sheth, T, Nair, C, Nargundkar, M, Anand, S & Yusuf, S 1999, 'Cardiovascular and 
cancer mortality among Canadians of European, south Asian and Chinese origin from 
1979 to 1993: an analysis of 1.2 million deaths', Canadian Medical Association 
Journal, vol. 161, no. 2, pp. 132-8.
Shi, L, Zhang, D, van Meijgaard, J, MacLeod, KE & Fielding, JE 2015, 'The 
interaction between an individual's acculturation and community factors on physical 
inactivity and obesity: a multilevel analysis', American Journal of Public Health, vol. 
105, no. 7, pp. 1460-7.
Siahpush, M & Borland, R 2001, 'Socio-demographic variations in smoking status 
Survey', Australian and New Zealand Journal of Public Health, vol. 25, no. 5, pp. 438-
42.
Siahpush, M, Shaikh, RA, Tibbits, M, Huang, TTK & Singh, GK 2013, 'The 
association of lone-motherhood with smoking cessation and relapse: prospective 
results from an Australian national study', International Journal of Environmental 
Research And Public Health, vol. 10, no. 7, pp. 2906-19.
Sims, M, Diez-Roux, AV, Gebreab, SY, Brenner, A, Dubbert, P, Wyatt, S, Bruce, M, 
Hickson, D, Payne, T & Taylor, H 2016, 'Perceived discrimination is associated with 
health behaviours among African-Americans in the Jackson Heart Study', Journal of 
Epidemiology and Community Health, vol. 70, no. 2, pp. 187-94.
Singh, GK & Hiatt, RA 2006, 'Trends and disparities in socioeconomic and 
behavioural characteristics, life expectancy, and cause-specific mortality of native-
born and foreign-born populations in the United States, 1979-2003', International 
Journal of Epidemiology, vol. 35, no. 4, pp. 903-19.
Singh, GK & Siahpush, M 2002, 'Ethnic-immigrant differentials in health behaviors, 
morbidity, and cause-specific mortality in the United States: an analysis of two 
national data bases', Human Biology, vol. 74, no. 1, pp. 83-109.
Snijders, TAB & Bosker, RJ 2012, Multilevel Analysis: An Introduction to Basic and 
Advanced Multilevel Modeling, 2nd ed. edn, SAGE, Los Angeles.
216
Song, YJ, Hofstetter, CR, Hovell, MF, Paik, HY, Park, HR, Lee, J & Irvin, V 2004, 
'Acculturation and health risk behaviors among Californians of Korean descent', 
Preventive Medicine, vol. 39, no. 1, pp. 147-56.
Spinks, H 2010, Australia's Migration Program, Parliament of Australia, Canberra.
Stoddard, P 2009, 'Risk of smoking initiation among Mexican immigrants before and 
after immigration to the United States', Social Science & Medicine, vol. 69, no. 1, pp. 
94-100.
Strong, K, Trickett, P & Bhatia, K 1998, 'The health of overseas-born Australians, 
1994-1996', Australian Health Review, vol. 21, no. 2, pp. 124-33.
Strunin, L, Edwards, EM, Godette, DC & Heeren, T 2007, 'Country of origin, age of 
drinking onset, and drinking patterns among Mexican American young adults', Drug 
and Alcohol Dependence, vol. 91, no. 2-3, pp. 134-40.
Summerfield, M, Freidin, S, Hahn, M, Ittak, P, Li, N, Macalalad, N, Watson, N, 
Wilkins, R & Wooden, M 2013, HILDA User Manual – Release 12 University of 
Melbourne, Melbourne Institute of Applied Economic and Social Research.
Sundquist, J & Johansson, SE 1998, 'The influence of socioeconomic status, ethnicity 
and lifestyle on body mass index in a longitudinal study', International Journal of 
Epidemiology, vol. 27, no. 1, pp. 57-63.
Sussman, NM & Truong, N 2011, '“Please extinguish all cigarettes”: the effects of 
acculturation and gender on smoking attitudes and smoking prevalence of Chinese and 
Russian immigrants', International Journal of Intercultural Relations, vol. 35, no. 2, 
pp. 163-78.
Szaflarski, M, Cubbins, LA & Ying, J 2011, 'Epidemiology of alcohol abuse among 
US immigrant populations', Journal of Immigrant and Minority Health, vol. 13, no. 4, 
pp. 647-58.
Takeuchi, DT, Zane, N, Hong, S, Chae, DH, Gong, F, Gee, GC, Walton, E, Sue, S & 
Alegría, M 2007, 'Immigration-related factors and mental disorder among Asian 
Americans', American Journal of Public Health, vol. 97, no. 1, pp. 84-90.
Tang, H, Shimizu, R & Chen, MS 2005, 'English language proficiency and smoking 
prevalence among California's Asian Americans', Cancer, vol. 104, no. 12 Suppl, pp. 
2982-8.
217
Taverno Ross, SE, Larson, N, Graham, DJ & Neumark-Sztainer, DR 2014, 
'Longitudinal changes in physical activity and sedentary behavior from adolescence to 
adulthood: comparing U.S.-born and foreign-born populations', Journal of Physical 
Activity & Health, vol. 11, no. 3, pp. 519-27.
Taylor, AJ, Bell, L & Gerritsen, R 2014, 'Benefits of skilled migration programs for 
regional Australia: Perspectives from the Northern Territory', Journal of Economic &
Social Policy, vol. 16, no. 1.
Taylor, V, Cripe, S, Acorda, E, Teh, C, Coronado, G, Do, H, Woodall, E & Hislop, 
TG 2008, 'Development of an ESL curriculum to educate chinese immigrants about 
physical activity', Journal of Immigrant and Minority Health, vol. 10, no. 4, pp. 379-
87.
The World Bank 2011, Migration and Remittances Factbook 2011, Second Edition,
The World Bank, Washington.
Thomas, TN 1995, 'Acculturative stress in the adjustment of immigrant families', 
Journal of Social Distress and the Homeless, vol. 4, no. 2, pp. 131-42.
Tong, EK, Gildengorin, G, Nguyen, T, Tsoh, J, Modayil, M, Wong, C & McPhee, SJ 
2010, 'Smoking prevalence and factors associated with smoking status among 
Vietnamese in California', Nicotine & Tobacco Research, vol. 12, no. 6, pp. 613-21.
Tremblay, MS, Bryan, SN, Pérez, CE, Ardern, CI & Katzmarzyk, PT 2006, 'Physical 
activity and immigrant status: evidence from the Canadian Community Health Survey', 
Canadian Journal of Public Health, vol. 97, no. 4, pp. 277-82.
Tu, Y-K 2009, 'Commentary: is structural equation modelling a step forward for 
epidemiologists?', International Journal of Epidemiology, vol. 38, no. 2, pp. 549-51.
Turner, RJ & Marino, F 1994, 'Social support and social structure: a descriptive 
epidemiology', Journal of Health and Social Behavior, vol. 35, no. 3, pp. 193-212.
U.S. Department of Health and Human Services 1996, US Surgeon General's Report: 
Physical Activity and Health: A Report of the Surgeon General, USDHHS, Centers for 
Disease Control and Prevention, National Center for Chronic Disease Prevention and 
Health Promotion, Atlanta, Georgia, US.
U.S. Department of Health and Human Services 2004, The Health Consequences of 
Smoking: a Report of the Surgeon General, USDHHS, Centers for Disease Control 
and Prevention, National Center for Chronic Disease Prevention and Health 
Promotion, Atlanta, GA.
218
Unger, JB, Cruz, TB, Rohrbach, LA, Ribisl, KM, Baezconde-Garbanati, L, Chen, X, 
Trinidad, DR & Johnson, CA 2000, 'English language use as a risk factor for smoking 
initiation among Hispanic and Asian American adolescents: evidence for mediation 
by tobacco-related beliefs and social norms', Health Psychology, vol. 19, no. 5, p. 403.
Unger, JB, Reynolds, K, Shakib, S, Spruijt-Metz, D, Sun, P & Johnson, CA 2004,
'Acculturation, physical activity, and fast-food consumption among Asian-American 
and Hispanic adolescents', Journal of Community Health, vol. 29, no. 6, pp. 467-81.
United Nations 2013, International Migration Report 2013, UN, Department of 
Economic and Social Affairs, Population Division, New York.
Urquia, ML & Gagnon, AJ 2011, 'Glossary: migration and health', Journal of 
Epidemiology and Community Health, vol. 65, no. 5, pp. 467-72.
VanderWeele, TJ 2012, 'Invited commentary: structural equation models and 
epidemiologic analysis', American Journal of Epidemiology, vol. 176, no. 7, pp. 608-
12.
Wahl, AM & Eitle, TM 2010, 'Gender, acculturation and alcohol use among Latina/o 
adolescents: a multi-ethnic comparison', Journal of Immigrant and Minority Health,
vol. 12, no. 2, pp. 153-65.
Wallace, M & Kulu, H 2013, 'Migration and health in England and Scotland: a study 
of migrant selectivity and salmon bias', Population, Space and Place, vol. 20, no. 8, 
pp. 694-708.
Wändell, P, Ponzer, S, Johansson, S-e & Sundquist, K 2004, 'Country of birth and 
body mass index: a national study of 2,000 immigrants in Sweden', European Journal 
of Epidemiology, vol. 19, no. 11, pp. 1005-10.
Watson, N & Wooden, M 2012, 'The HILDA Survey: a case study in the design and 
development of a successful household panel study', Longitudinal and Life Course 
Studies, vol. 3, no. 3, pp. 369-81.
Weber, MF, Banks, E & Sitas, F 2011, 'Smoking in migrants in New South Wales, 
Australia: report on data from over 100 000 participants in the 45 and Up Study', Drug 
and Alcohol Review, vol. 30, no. 6, pp. 597-605.
Weisberg, HI 2010, Bias and Causation: Models and Judgment for Valid 
Comparisons, Wiley series in probability and statistics, Hoboken, N.J. : Wiley.
219
White, H 1980, 'A heteroskedasticity-consistent covariance matrix estimator and a 
direct test for heteroskedasticity', Econometrica, vol. 48, no. 4, pp. 817-38.
White, V, Hill, D, Siahpush, M & Bobevski, I 2003, 'How has the prevalence of 
cigarette smoking changed among Australian adults? Trends in smoking prevalence 
between 1980 and 2001', Tobacco Control, vol. 12, no. suppl 2, pp. ii67-ii74.
Wilkins, R, Warren, D, Hahn, M & Houng, B 2011, A Statistical Report on Waves 1
to 8 of the Household, Income and Labour Dynamics in Australia Survey, Melbourne 
Institute of Applied Economic and Social Research, Universaity of Melbourne, 
Australia.
Wilkinson, AV, Spitz, MR, Strom, SS, Prokhorov, AV, Barcenas, CH, Cao, YM, 
Saunders, KC & Bondy, ML 2005, 'Effects of nativity, age at migration, and 
acculturation on smoking among adult Houston residents of Mexican descent', 
American Journal of Public Health, vol. 95, no. 6, pp. 1043-9.
Williams, ED, Stamatakis, E, Chandola, T & Hamer, M 2011, 'Assessment of physical 
activity levels in South Asians in the UK: findings from the Health Survey for 
England', Journal of Epidemiology and Community Health, vol. 65, no. 6, pp. 517-21.
Wolin, KY, Colditz, G, Stoddard, AM, Emmons, KM & Sorensen, G 2006, 
'Acculturation and physical activity in a working class multiethnic population', 
Preventive Medicine, vol. 42, no. 4, pp. 266-72.
Wooden, M, Freidin, S & Watson, N 2002, 'The household, income and labour 
dynamics in australia (HILDA) survey: wave 1', Australian Economic Review, vol. 35, 
no. 3, pp. 339-48.
Wooden, M & Watson, N 2001, The Household, Income and Labour Dynamics in 
Australia (HILDA) Survey: An Introduction to the Proposed Survey Design and Plan,
The University of Melbourne, Melbourne, Australia.
Wooldridge, JM 2009, Introductory Econometrics : A Modern Approach, 4th ed. edn, 
South-Western Cengage Learning, Mason, Ohio.
Wooldridge, JM 2010, Econometric Analysis of Cross Section and Panel Data, 2nd 
ed. edn, MIT Press, Cambridge, MA.
World Health Organisation 2002, The Tobacco Atlas, WHO, Geneva.
220
World Health Organisation 2003, WHO Framework Convention on Tobacco Control,
WHO, Geneva.
World Health Organisation 2008, WHO Report on the Global Tobacco Epidemic, 
2008: The MPOWER Package, WHO, Geneva.
World Health Organisation 2011a, Global Status Report on Alcohol and Health,
WHO, Geneva.
World Health Organisation 2011b, Global Status Report on Noncommunicable 
Diseases 2010, WHO, Geneva.
World Health Organization 2010, Global Recommendations on Physical Activity for 
Health, WHO, Geneva.
World Health Organization 2014, Global Status Report on Alcohol and Health 2014,
WHO, Geneva.
Young, AF, Powers, JR & Bell, SL 2006, 'Attrition in longitudinal studies: who do 
you lose?', Australian and New Zealand Journal of Public Health, vol. 30, no. 4, pp. 
353-61.
Zemore, SE 2007, 'Acculturation and alcohol among Latino adults in the United States: 
a comprehensive review', Alcoholism, Clinical And Experimental Research, vol. 31, 
no. 12, pp. 1968-90.
Zhang, J & Wang, Z 2008, 'Factors associated with smoking in Asian American adults: 
a systematic review', Nicotine & Tobacco Research, vol. 10, no. 5, pp. 791-801.
Zhu, M 2014, 'Analyzing Multilevel Models with the GLIMMIX Procedure', in SAS 
Global Forum, Washington, DC.
Zimmerman, C, Kiss, L & Hossain, M 2011, 'Migration and health: a framework for 
21st century policy-making', Plos Medicine, vol. 8, no. 5, pp. e1001034-e.
Zsembik, BA & Fennell, D 2005, 'Ethnic variation in health and the determinants of 
health among Latinos', Social Science & Medicine, vol. 61, no. 1, pp. 53-63.
221
APPENDICES
Appendix I: Search terms and strategy for MEDLINE database (adapted 
for other databases as needed)
EBSCOhost interface was used to perform MEDLINE database search. Screen search 
was performed using the advanced search option.
Search terms:
1. Transients and Migrants (MeSH)
2. Emigrants and Immigrants (MeSH)
3. Emigration and Immigration (MeSH)
4. migrant* OR emigrant* OR immigrant* OR migrat* OR emigrat* OR immigrat* 
OR “migrant worker*” OR foreigner* OR “foreign-born*” OR refugee* OR “asylum 
seeker*” 
5. ethnic* OR “ethnic group*” OR “minority group*” OR nativity OR nationalit* OR 
“country of birth” OR newcomer* OR “new-comer*” OR “cross-cultur* 
comparison*” OR “culturally and linguistically diverse” OR CALD 
6. 1 OR 2 OR 3 OR 4 OR 5 
7. Tobacco Use (MeSH)
8. Smoking (MeSH)
9. smok* OR “tobacco smok*” OR “tobacco use” OR “tobacco consumption*” OR 
“cigarette smok*”  







16. “physical* activ*” OR “physical* inactiv*” OR exercise* OR “physical exercise” 
OR “sedentary behav*” OR sedentar* OR “leisure-time physical activit*” OR sport* 
17. 11 OR 12 OR 13 OR 14 OR 15 OR 16 
18. Alcohol Drinking (MeSH)
19. Alcoholism (MeSH)
20. Alcoholic Beverages (MeSH)
21. Binge Drinking (MeSH)
22. “alcohol consumption” OR “alcohol use” OR “alcohol drink*” OR “alcohol abuse” 
OR “ethanol drink*” OR “binge drink*” OR “heavy drink*” OR drink*
23. 18 OR 19 OR 20 OR 21 OR 22
24. “health behav*” OR “health risk behav*” OR lifestyle* OR “life-style” OR “life 
style*” 
25. 10 OR 17 OR 23 OR 24 
26. Epidemiologic Research Design (MeSH)
27. Epidemiologic Studies (MeSH)
28. “cross-section*” OR “cross section*” OR “cross-sectional stud*” OR “case-
control” OR “case control” OR cohort* OR “cohort* analysis” OR longit* OR 
“longitudinal stud*” OR “longitudinal survey*” OR “follow-up” OR “follow up” OR 
“follow-up stud*” OR prospective OR retrospective OR quantitative OR survey* OR 
trial* OR intervention* OR “randomised control* trial*” OR “randomized control* 
trial*” OR “before and after” OR “interrupted time series” OR questionnaire* OR 
registr* OR evaluat* OR audit* 
29. 26 OR 27 OR 28 
30. 6 AND 25 AND 29 
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Appendix II: Full list of variables used in this thesis and their definition 
in HILDA survey
Full list of variables used in this thesis and their definition in HILDA survey.
Variable Source* Definition (value levels)
Exposure variables
1. Nativity status/Country of 
birth (three broad categories)
_anbcob 1= "Australia"                                                            
2= "Main English Speaking"                                     
3= "Other"            
2. Year of arrival in Australia _anyoa Year came to Australia to live for 6 months or 
more
3. Sex (Gender) _hgsex 1= "Male"                                                                   
2= "Female"            
4. Age _hgage Derived based on date of birth
5. English language speaking at 
home
_hgeng (wave 1 
only)
1= "English is the only language spoken at home"   




1= "Yes"                                                         
2= "No"  




1= "Very well"                                                           
2= "Well"                                                                   
3= "Not well"                                                             
4= "Not at all"            
7. Marital status _mrcurr 1= "Legally married"                                                 
2= "De facto"                                                             
3= "Separated"                                                           
4= "Divorced"                                                            
5= "Widowed"                                                           
6="Never married and not de facto"  
8. Education status _edhigh1 1= "Postgrad - masters or doctorate"                         
2= "Grad diploma, grad certificate"                          
3= "Bachelor or honours"                                          
4= "Advance diploma, diploma"                               
5= "Cert III or IV"                                                     
8= "Year 12"                                                              
9= "Year 11 and below"                                            
10= "Undetermined"           
9. Employment status _esbrd 1= "Employed"                                                         
2= "Unemployed"                                                      
3= "Not in the labour force"                                      
10. Household Equivalised 







Household financial year disposable regular 
income positive values
Household financial year disposable total income 
negative values
Number of persons aged 0-4 years at each wave
Number of persons aged 5-9 years at each wave
Number of persons aged 10-14 years at each wave




_lssocal 1= "Every day"                                                          
2= "Several times a week"                                         
3= "About once a week"                                            
4= "2 or 3 times a month"                                          
5= "About once a month"                                          
6= "Once or twice every 3 months"                           
7= "Less often than once every 3 months"            
12. Social club membership _lsclub 1= "Yes"                                                                     
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2= "No"            
Outcome variables 
1. Smoking status _lssmoke (wave 
1 only)
1= "Has never smoked"                                             
2= "Has given up smoking"                                       
3= "Smokes"              
_lssmkf (wave 
2- 12)
1= "No, I have never smoked"                                   
2= "No, I no longer smoke"                                       
3= "Yes, I smoke daily"                                             
4= "Yes, I smoke at least weekly (but not daily)"     
5= "Yes, I smoke less often than weekly"              
2. Frequency of physical activity _lspact 1= "Not at all"                                                            
2= "Less than once a week"                                       
3= "1 to 2 times a week"                                            
4= "3 times a week"                                                   
5= "More than 3 times a week"                                 
6= "Every day"              
3. Frequency of alcohol drinking _lsdrink (wave 
1 only)
1= "Has never drunk alcohol"                                    
2= "No longer drinks"                                                
3= "Drinks very rarely"                                             
4= "Drinks less than once a week"                            
5= "Drinks on 1 or 2 days a week"                            
6= "Drinks on 3 or 4 days a week"                            
7= "Drinks on 5 or 6 days a week"                            
8= "Drinks every day"            
_lsdrkf (wave 
2-12)
1= "I have never drunk alcohol"                                
2= "I no longer drink"                                                
3= "Yes, I drink alcohol everyday"                           
4= "Yes, I drink alcohol 5 or 6 days per week"         
5= "Yes, I drink alcohol 3 or 4 days per week"         
6= "Yes, I drink alcohol 1 or 2 days per week"         
7= "Yes, I drink alcohol 2 or 3 days per month"       
8= "Yes, but only rarely"          
4. Standard drink per day _lsstddr (wave 
1 only)
1= "13 or more standard drinks"                                
2= "9 to 12 standard drinks"                                      
3= "7 to 8 standard drinks"                                        
4= "5 to 6 standard drinks"                                        
5= "3 to 4 standard drinks"                                        
6= "1 to 2 standard drinks"              
_lsdrka (wave 
2-12)
1= "13 or more standard drinks"                                
2= "11 to 12 standard drinks"                                    
3= "9 to 10 standard drinks"                                      
4= "7 to 8 standard drinks"                                        
5= "5 to 6 standard drinks"                                        
6= "3 to 4 standard drinks"                                        
7= "1 to 2 standard drinks"            
Notes: i. *denotes name of variables in HILDA dataset from which the study variables were derived. 
ii. _ denotes wave identifier (e.g., 'a'= wave 1; 'b'= wave 2).
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Appendix III: Frequencies and percentages of study sample by country 
of birth
Frequencies and percentages of study sample by country of birth. 
Country of birth Frequency Per cent Total number of 
responses between 
wave 1-12
Average number of 
responses between 
waves 1-12
Native-born (NB) Australian 9563 75.7 93243 9.7
Foreign-born (FB) 3071 24.3 28146 9.2
Overall Total 12634 100.0 121389 9.6
Foreign-born (FB) from English-speaking countries (ESC)
United Kingdom 911 67.0 8733 9.6
New Zealand 265 19.5 2492 9.4
South Africa 73 5.4 661 9.1
Ireland 49 3.6 422 8.6
United States of America 43 3.2 436 10.1
Canada 19 1.4 210 11.1
Total (ESC) 1360 100.0 12954 9.5
Foreign-born (FB) from Non-English-speaking countries (NESC)
Italy 115 6.7 993 8.6
Germany 106 6.2 980 9.2
Vietnam 102 6.0 825 8.1
Philippines 97 5.7 901 9.3
Netherlands 93 5.4 961 10.3
China 67 3.9 584 8.7
India 63 3.7 667 10.6
Yugoslavia 55 3.2 458 8.3
Sri Lanka 50 2.9 475 9.5
Malaysia 49 2.9 440 9.0
Poland 48 2.8 426 8.9
Hong Kong 42 2.5 372 8.9
Fiji 39 2.3 364 9.3
Greece 39 2.3 296 7.6
Croatia 36 2.1 321 8.9
Lebanon 33 1.9 316 9.6
Egypt 28 1.6 250 8.9
Iraq 25 1.5 166 6.6
Indonesia 25 1.5 224 9.0
Papua New Guinea 23 1.3 236 10.3
Romania 21 1.2 201 9.6
Hungary 21 1.2 193 9.2
Chile 21 1.2 185 8.8
Republic of Macedonia 20 1.2 160 8.0
Czech Republic 19 1.1 162 8.5
France 18 1.1 169 9.4
Malta 17 1.0 175 10.3
Russian Federation 17 1.0 166 9.8
Japan 17 1.0 164 9.6
Portugal 16 0.9 79 4.9
Cambodia 16 0.9 118 7.4
Mauritius 16 0.9 171 10.7
Singapore 15 0.9 123 8.2
Turkey 14 0.8 130 9.3
Iran 13 0.8 115 8.8
East Timor 13 0.8 87 6.7
Bangladesh 13 0.8 133 10.2
Ukraine 12 0.7 103 8.6
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Country of birth Frequency Per cent Total number of 
responses between 
wave 1-12
Average number of 
responses between 
waves 1-12
Taiwan 12 0.7 112 9.3
Zimbabwe 12 0.7 125 10.4
Samoa 11 0.6 66 6.0
Thailand 11 0.6 68 6.2
Austria 10 0.6 105 10.5
Afghanistan 10 0.6 66 6.6
Denmark 9 0.5 70 7.8
Sweden 9 0.5 62 6.9
Spain 9 0.5 66 7.3
Bosnia and Herzegovina 8 0.5 63 7.9
Cyprus 8 0.5 79 9.9
Colombia 8 0.5 86 10.8
Uruguay 8 0.5 74 9.3
Sudan 7 0.4 47 6.7
Burma (Myanmar) 7 0.4 43 6.1
Argentina 7 0.4 60 8.6
Tonga 6 0.4 50 8.3
Belgium 6 0.4 47 7.8
Switzerland 6 0.4 58 9.7
Bulgaria 6 0.4 66 11.0
Latvia 6 0.4 65 10.8
Pakistan 6 0.4 30 5.0
Somalia 6 0.4 32 5.3
Zambia 6 0.4 70 11.7
Peru 5 0.3 51 10.2
Finland 4 0.2 38 9.5
Laos 4 0.2 37 9.3
South Korea 4 0.2 19 4.8
Nepal 4 0.2 27 6.8
Kenya 4 0.2 36 9.0
Mozambique 4 0.2 24 6.0
Cook Islands 3 0.2 25 8.3
Israel 3 0.2 36 12.0
Brazil 3 0.2 25 8.3
Ethiopia 3 0.2 27 9.0
Tanzania 3 0.2 36 12.0
Estonia 2 0.1 16 8.0
Lithuania 2 0.1 11 5.5
Slovakia 2 0.1 6 3.0
Syria 2 0.1 16 8.0
Azerbaijan 2 0.1 24 12.0
Venezuela 2 0.1 23 11.5
Jamaica 2 0.1 24 12.0
Trinidad and Tobago 2 0.1 24 12.0
Ghana 2 0.1 10 5.0
Solomon Islands 1 0.1 12 12.0
Kiribati 1 0.1 11 11.0
Nauru 1 0.1 3 3.0
Iceland 1 0.1 9 9.0
Norway 1 0.1 12 12.0
Albania 1 0.1 2 2.0
Slovenia 1 0.1 12 12.0
Libya 1 0.1 4 4.0
Kuwait 1 0.1 4 4.0
Brunei Darussalam 1 0.1 6 6.0
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Country of birth Frequency Per cent Total number of 
responses between 
wave 1-12
Average number of 
responses between 
waves 1-12
Falkland Islands 1 0.1 4 4.0
South America, nec* 1 0.1 10 10.0
El Salvador 1 0.1 8 8.0
Cuba 1 0.1 5 5.0
Congo 1 0.1 12 12.0
Equatorial Guinea 1 0.1 7 7.0
Nigeria 1 0.1 4 4.0
Eritrea 1 0.1 12 12.0
Madagascar 1 0.1 11 11.0
Malawi 1 0.1 5 5.0
Seychelles 1 0.1 5 5.0
Total (NESC) 1711 100.0 15192 8.9
Note: *‘nec’ denotes as not elsewhere classified.
Appendix IV: Sensitivity analysis to account for attrition bias on smoking 
behaviour (supporting data for Chapter 5)
1. Model I regression results for the effect of nativity (CoB) on current smoking status 
after including the attrition related variables.
1.1. Odds ratios (OR) and their 95% confidence intervals (CI) of current smokers by nativity/country of 
birth (CoB) after including the variable ‘last wave a person responded (continuous variable)’ instead 
of ‘number of times a person responded’ used in Model I (Chapter 5: Table 34).
Effect Smoking behaviour
95% CI
Odds ratio (OR) Lower Upper
Nativity status (CoB)
ESC 0.84 0.58 1.22
NESC 0.47** 0.31 0.69
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
1.2. Odds ratios (OR) and their 95% confidence intervals (CI) of current smokers by nativity/country of 
birth (CoB) after including the variable ‘last wave a person responded (binary variable)’ instead of 
‘number of times a person responded’ used in Model I (Chapter 5: Table 34).
Effect Smoking behaviour
95% CI
Odds ratio (OR) Lower Upper
Nativity status (CoB)
ESC 0.84 0.58 1.22
NESC 0.47** 0.31 0.70
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
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2. Model I regression results for the effect of duration of residence (DoR) and 
CoB/DoR on current smoking status after including the attrition related variables.
2.1. Odds ratios (OR) and their 95% confidence intervals (CI) of current smokers by (i) duration of 
residence (DoR) and (ii) nativity/country of birth combined with duration of residence (CoB/DoR) after 
including the variable ‘last wave a person responded (continuous variable)’ instead of ‘number of 
times a person responded’ used in Model I (Chapter 5: Table 35).
Effect Smoking behaviour
95% CI
Odds ratio (OR) Lower Upper
Duration of residence (DoR)
DoR < 10 0.07** 0.02 0.18




ESC; DoR < 10 0.60 0.17 2.09
ESC; DoR 10 - 19 0.90 0.39 2.12
ESC; 1.01 0.65 1.57
NESC; DoR < 10 0.03** 0.02 0.08
NESC; DoR 10 - 19 0.22** 0.08 0.57
1.63 0.97 2.75
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
2.2. Odds ratios (OR) and their 95% confidence intervals (CI) of current smokers by (i) duration of 
residence (DoR) and (ii) nativity/country of birth combined with duration of residence (CoB/DoR) after 
including the variable ‘last wave a person responded (binary variable)’ instead of ‘number of times 
a person responded’ used in Model I (Chapter 5: Table 35).
Effect Smoking behaviour
95% CI
Odds ratio (OR) Lower Upper
Duration of residence (DoR)
DoR < 10 0.06** 0.02 0.17




ESC; DoR < 10 0.60 0.18 2.04
ESC; DoR 10 - 19 0.89 0.39 2.07
ESC; 1.04 0.67 1.60
NESC; DoR < 10 0.03** 0.01 0.07
NESC; DoR 10 - 19 0.21** 0.08 0.56
1.64 0.98 2.74
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
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3. Model I regression results for the effects of age at arrival (AA), CoB/AA and 
DoR/AA on current smoking status after including the attrition related variables.
3.1. Odds ratios (OR) and their 95% confidence intervals (CI) of current smokers by (i) age at arrival 
(AA) (ii) nativity/country of birth combined with age at arrival (CoB/AA) and (iii) duration of residence 
combined with age at arrival (DoR/AA) after including the variable ‘last wave a person responded 




Odds ratio (OR) Lower Upper
Age at arrival (AA)
AA; < 18 1.10 0.70 1.73




ESC; AA < 18 1.90 0.94 3.85
ESC; AA 18-34 0.44** 0.25 0.76
0.42* 0.18 0.95
NESC; AA < 18 0.72 0.39 1.35




DoR < 10; AA < 18 0.17 0.01 2.42
DoR < 10; AA 18-34 0.03** 0.01 0.06
0.26* 0.08 0.88
DoR 10-19; AA < 18 0.52 0.19 1.44
DoR 10-19; AA 18-34 0.27* 0.08 0.86
DoR 10- 35 0.50 0.22 1.13
2.01* 1.11 3.64
-34 0.81 0.53 1.24
0.70 0.33 1.48
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
3.2. Odds ratios (OR) and their 95% confidence intervals (CI) of current smokers by (i) age at arrival 
(AA) (ii) nativity/country of birth combined with age at arrival (CoB/AA) and (iii) duration of residence 
combined with age at arrival (DoR/AA) after including the variable ‘last wave a person responded 




Odds ratio (OR) Lower Upper
Age at arrival (AA)
AA; < 18 1.18 0.74 1.88




ESC; AA < 18 1.90 0.94 3.82
ESC; AA 18-34 0.46** 0.27 0.80
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0.44* 0.20 0.97
NESC; AA < 18 0.71 0.38 1.33




DoR < 10; AA < 18 0.17 0.01 2.54
DoR < 10; AA 18-34 0.03** 0.01 0.06
0.27* 0.08 0.89
DoR 10-19; AA < 18 0.51 0.18 1.44
DoR 10-19; AA 18-34 0.27* 0.08 0.87
DoR 10-19; 0.50 0.22 1.13
1.94* 1.08 3.49
-34 0.84 0.55 1.29
0.71 0.34 1.50
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
Appendix V: Sensitivity analysis to account for attrition bias on physical 
activity (supporting data for Chapter 6) 
1. Model I regression results for the effect of nativity (CoB) on physical activity 
after including the attrition related variables.
1.1. Odds ratios (OR) and their 95% confidence intervals (CI) of being physically active by 
nativity/country of birth (CoB) after including the variable ‘last wave a person responded (continuous 
variable)’ instead of ‘number of times a person responded’ used in Model I (Chapter 6: Table 37).
Effect Physical activity
95% CI
Odds ratio (OR) Lower Upper
Nativity status (CoB)
ESC 1.20** 1.05 1.37
NESC 0.70** 0.62 0.79
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
1.2. Odds ratios (OR) and their 95% confidence intervals (CI) of being physically active by 
nativity/country of birth (CoB) after including the variable ‘last wave a person responded (binary 
variable)’ instead of ‘number of times a person responded’ used in Model I (Chapter 6: Table 37).
Effect Physical activity
95% CI
Odds ratio (OR) Lower Upper
Nativity status (CoB)
ESC 1.20** 1.05 1.37
NESC 0.70** 0.62 0.79
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
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2. Model I regression results for the effect of duration of residence (DoR) and 
CoB/DoR on physical activity after including the attrition related variables.
2.1. Odds ratios (OR) and their 95% confidence intervals (CI) of being physically active by (i) duration 
of residence (DoR) and (ii) nativity/country of birth combined with duration of residence (CoB/DoR) 
after including the variable ‘last wave a person responded (continuous variable)’ instead of ‘number 
of times a person responded’ used in Model I (Chapter 6: Table 38).
Effect Physical activity
95% CI
Odds ratio (OR) Lower Upper
Duration of residence (DoR)
DoR < 10 0.75** 0.61 0.91




ESC; DoR < 10 1.35 0.96 1.89
ESC; DoR 10 - 19 1.12 0.86 1.45
ESC; 1.20* 1.01 1.41
NESC; DoR < 10 0.56** 0.45 0.71
NESC; DoR 10 - 19 0.63** 0.51 0.78
0.81* 0.68 0.97
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
2.2. Odds ratios (OR) and their 95% confidence intervals (CI) of being physically active by (i) duration 
of residence (DoR) and (ii) nativity/country of birth combined with duration of residence (CoB/DoR) 
after including the variable ‘last wave a person responded (binary variable)’ instead of ‘number of 
times a person responded’ used in Model I (Chapter 6: Table 38).
Effect Physical activity
95% CI
Odds ratio (OR) Lower Upper
Duration of residence (DoR)
DoR < 10 0.74** 0.61 0.90




ESC; DoR < 10 1.34 0.95 1.88
ESC; DoR 10 - 19 1.12 0.86 1.45
ESC; 1.20* 1.01 1.41
NESC; DoR < 10 0.56** 0.45 0.71
NESC; DoR 10 - 19 0.63** 0.51 0.78
0.82* 0.68 0.97
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
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3. Model I regression results for the effects of age at arrival (AA), CoB/AA and 
DoR/AA on physical activity after including the attrition related variables.
3.1. Odds ratios (OR) and their 95% confidence intervals (CI) of being physically active by (i) age at 
arrival (AA) (ii) nativity/country of birth combined with age at arrival (CoB/AA) and (iii) duration of 
residence combined with age at arrival (DoR/AA) after including the variable ‘last wave a person 
responded (continuous variable)’ instead of ‘number of times a person responded’ used in Model 
I (Chapter 6: Table 39).
Effect Physical activity
95% CI
Odds ratio (OR) Lower Upper
Age at arrival (AA)
AA; < 18 0.86* 0.74 0.99




ESC; AA < 18 1.03 0.85 1.25
ESC; AA 18-34 1.44** 1.18 1.75
1.02 0.73 1.43
NESC; AA < 18 0.72** 0.59 0.88




DoR < 10; AA < 18 0.48** 0.30 0.77
DoR < 10; AA 18-34 0.88 0.67 1.14
0.86 0.62 1.19
DoR 10-19; AA < 18 0.59** 0.44 0.78
DoR 10-19; AA 18-34 0.92 0.72 1.18
DoR 10- 1.01 0.70 1.45
1.05 0.88 1.24
-34 0.99 0.81 1.20
0.88 0.58 1.35
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
3.2. Odds ratios (OR) and their 95% confidence intervals (CI) of being physically active by (i) age at 
arrival (AA) (ii) nativity/country of birth combined with age at arrival (CoB/AA) and (iii) duration of 
residence combined with age at arrival (DoR/AA) after including the variable ‘last wave a person 
responded (binary variable)’ instead of ‘number of times a person responded’ used in Model I 
(Chapter 6: Table 39).
Effect Physical activity
95% CI
Odds ratio (OR) Lower Upper
Age at arrival (AA)
AA; < 18 0.86* 0.75 0.99




ESC; AA < 18 1.03 0.85 1.25
ESC; AA 18-34 1.44** 1.18 1.75
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1.02 0.73 1.43
NESC; AA < 18 0.72** 0.59 0.88




DoR < 10; AA < 18 0.44** 0.27 0.70
DoR < 10; AA 18-34 0.83 0.63 1.08
0.79 0.57 1.10
DoR 10-19; AA < 18 0.52** 0.39 0.70
DoR 10-19; AA 18-34 0.92 0.72 1.17
DoR 10- 1.05 0.73 1.51
1.05 0.88 1.24
-34 1.06 0.87 1.28
0.84 0.55 1.29
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
Appendix VI: Sensitivity analysis to account for attrition bias on alcohol 
consumption (supporting data for Chapter 7)
1. Model I regression results for the effect of nativity (CoB) on alcohol consumption 
after including the attrition related variables.
1.1. Odds ratios (OR) and their 95% confidence intervals (CI) of risky drinking by nativity/country of 
birth (CoB) after including the variable ‘last wave a person responded (continuous variable)’ instead 
of ‘number of times a person responded’ used in Model I (Chapter 7: Table 40).
Effect Alcohol consumption
95% CI
Odds ratio (OR) Lower Upper
Nativity status (CoB)
ESC 1.03 0.83 1.29
NESC 0.14** 0.11 0.17
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
1.2. Odds ratios (OR) and their 95% confidence intervals (CI) of risky drinking by nativity/country of 
birth (CoB) after including the variable ‘last wave a person responded (binary variable)’ instead of
‘number of times a person responded’ used in Model I (Chapter 7: Table 40).
Effect Alcohol consumption
95% CI
Odds ratio (OR) Lower Upper
Nativity status (CoB)
ESC 1.03 0.83 1.29
NESC 0.14** 0.11 0.17
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
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2. Model I regression results for the effect of duration of residence (DoR) and 
CoB/DoR on alcohol consumption after including the attrition related variables.
2.1. Odds ratios (OR) and their 95% confidence intervals (CI) of risky drinking by (i) duration of 
residence (DoR) and (ii) nativity/country of birth combined with duration of residence (CoB/DoR) after 
including the variable ‘last wave a person responded (continuous variable)’ instead of ‘number of 
times a person responded’ used in Model I (Chapter 7: Table 41).
Effect Alcohol consumption
95% CI
Odds ratio (OR) Lower Upper
Duration of residence (DoR)
DoR < 10 0.12** 0.08 0.17




ESC; DoR < 10 1.53 0.87 2.71
ESC; DoR 10 - 19 1.19 0.78 1.81
ESC; 0.95 0.72 1.26
NESC; DoR < 10 0.04** 0.02 0.06
NESC; DoR 10 - 19 0.10** 0.07 0.15
0.32** 0.23 0.43
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
2.2. Odds ratios (OR) and their 95% confidence intervals (CI) of risky drinking by (i) duration of 
residence (DoR) and (ii) nativity/country of birth combined with duration of residence (CoB/DoR) after 
including the variable ‘last wave a person responded (binary variable)’ instead of ‘number of times 
a person responded’ used in Model I (Chapter 7: Table 41).
Effect Alcohol consumption
95% CI
Odds ratio (OR) Lower Upper
Duration of residence (DoR)
DoR < 10 0.12** 0.09 0.18




ESC; DoR < 10 1.55 0.88 2.74
ESC; DoR 10 - 19 1.15 0.75 1.75
ESC; 0.95 0.72 1.26
NESC; DoR < 10 0.03** 0.02 0.05
NESC; DoR 10 - 19 0.10** 0.07 0.15
0.34** 0.25 0.46
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
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3. Model I regression results for the effects of age at arrival (AA), CoB/AA and 
DoR/AA on alcohol consumption after including the attrition related variables.
3.1. Odds ratios (OR) and their 95% confidence intervals (CI) of risky drinking by (i) age at arrival 
(AA) (ii) nativity/country of birth combined with age at arrival (CoB/AA) and (iii) duration of residence 
combined with age at arrival (DoR/AA) after including the variable ‘last wave a person responded 




Odds ratio (OR) Lower Upper
Age at arrival (AA)
AA; < 18 0.47** 0.37 0.59




ESC; AA < 18 1.17 0.85 1.61
ESC; AA 18-34 1.06 0.77 1.48
0.56 0.31 1.04
NESC; AA < 18 0.18** 0.13 0.26




DoR < 10; AA < 18 0.08** 0.03 0.18
DoR < 10; AA 18-34 0.14** 0.09 0.22
0.13** 0.07 0.26
DoR 10-19; AA < 18 0.26** 0.16 0.41
DoR 10-19; AA 18-34 0.28** 0.18 0.43
DoR 10-19; 0.23** 0.11 0.49
0.69** 0.52 0.91
-34 0.52** 0.37 0.74
0.26** 0.11 0.61
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates.
*p < 0.05; **p < 0.01.
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3.2. Odds ratios (OR) and their 95% confidence intervals (CI) of risky drinking by (i) age at arrival 
(AA) (ii) nativity/country of birth combined with age at arrival (CoB/AA) and (iii) duration of residence 
combined with age at arrival (DoR/AA) after including the variable ‘last wave a person responded 




Odds ratio (OR) Lower Upper
Age at arrival (AA)
AA; < 18 0.48** 0.37 0.61




ESC; AA < 18 1.20 0.88 1.66
ESC; AA 18-34 1.05 0.76 1.46
0.56 0.31 1.04
NESC; AA < 18 0.19** 0.14 0.26




DoR < 10; AA < 18 0.06** 0.03 0.14
DoR < 10; AA 18-34 0.15** 0.10 0.25
0.13** 0.06 0.26
DoR 10-19; AA < 18 0.28** 0.18 0.44
DoR 10-19; AA 18-34 0.29** 0.19 0.45
DoR 10-19; 0.22** 0.10 0.46
0.66** 0.50 0.88
-34 0.55** 0.39 0.77
0.24** 0.10 0.58
NB (R) 1.00
Note: Results are adjusted for age, sex, wave number, last wave a person responded as the covariates. Last 
wave a person responded is used as a binary variable consists two categories: ‘zero’ if attrited between waves 
2-6 and ‘one’ if attrited between waves 7-12.
*p < 0.05; **p < 0.01.
